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PASTURE VERSUS DRY LOT FEEDING FOR DAIRY BULLS 
IN ARTIFICIAL BREEDING 


CECIL BRANTON, T. E. PATRICK, M. H. NEWSOM, axp G. D’ARENSBOURG 


Dairy Department, Louisiana State University, Baton Rouge 


The rapid expansion of artificial breeding programs has resulted in an ever 
increasing demand and need for objective data on the feeding and management 
of dairy bulls. The total digestible nutrients (TDN) and protein requirements 
tor working maintenance (5), the value of different sources of protein (6), the 
etfectiveness of simple and complex rations (17, 18), and the efficiency of all- 
roughage rations (9, 10, 16) have been investigated. However, there is little 
objective information on the efficiency and economy of pasture for dairy bulls. 

A number of authors (14, 15, 26) in this country advocate the feeding of 
good roughage and pasture, if possible, to mature bulls. They emphasize that 
green soiling crops and pasture are ideal feeds. This also appears to be the 
opinion of many herdsmen and bull stud managers (2, 3). These recommenda- 
tions and opinions. however, appear to be based mainly on observations and 
experiences rather than on controlied experiments. 

Russian authors and investigators (1, 8, 11, 12, 18, 24) have reported some 
indicative as well as controversial experimental data on the value of pasture. 
Since the authors of this report have seen only the abstracts of these papers, 
excepting the book by Goode and Ruddick (8), they cannot evaluate fully their 
work. Nevertheless, it appears that their investigations can be criticized for 
including too few animals, having short experimental periods, and employing 
poor experimental designs. 

In view of the lack of objective data in this country and the controversial 
information reported by certain Russian workers on the value of pasture, an 
experiment was conducted to compare the semen production and fertility of 
dairy bulls on pasture with that of bulls fed a grain mixture and hay (dry lot 
or barn feeding). 


EXPERIMENTAL 


Eighteen bulls, seven Jerseys, six Holsteins and five Guernseys, ranging 
from 3.36 to 9.25 vears and averaging 6.51 + 0.46 vears of age, were used in a 
*‘double change-over’ design as deseribed by Cochran et al. (7). The three ex- 
perimental periods were each 70 days in length. Period I extended from Feb- 
ruary 1 through April 11, 1950; period II, from April 13 through June 21, 1950; 
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and period ILI, from July 10 through September 17, 1950. The beginning date 
for period IIL was delayed because of the shortage of pasture. The nature of 
the experimental design made it necessary to have good quality pasture for at 
least 210 days. The bulls were assigned to six groups of three bulls each on the 
basis of information concerning their semen production and fertility. The 
assignment of the treatments which are shown in Table 1 was in a rotational 
fashion to each bull, as deseribed by Cochran et al. (7). Therefore. each bull 
received each of the three treatments at some time during the experiment; for 
example, bull 1 received treatments A, B, and C during periods I, II, and IIT, 
respectively. 
TABLE 1 


The ingredients of the grain mixture fed and the treatments used 


Composition of grain mixture Treatment 
Ingredient Amount 
(1b.) 
Yellow corn meal 800 A = Grain + pasture alone. 
Ground oats 800 
Wheat bran 200 B = Grain + hay at the rate of 1.0 1b./100 Ib. body 
Cottonseed meal 200 weight (dry lot feeding). 
Salt 20 
Oyster shell flour 10 C = Grain + pasture + hay at the rate of 0.5 Ib./ 
Steamed bone meal 10 100 Ib. body weight. 


All bulls whether on pasture or dry lot received the same grain mixture 
(Table 1) at the rate of 0.5 lb. per 100 lb. initial body weight (5, 6). The hay, 
when fed, was lespedeza of excellent quality. The amount of hay fed also was 
based on the initial body weights of the bulls. The pasture during period | 
consisted of rye grass and Louisiana white clover; during period IT it contained 
Louisiana white clover, Dallis grass and Bermuda grass, and during period III 
it was made up of Dallis and Bermuda grasses. Each pasture plot was ap- 
proximately 0.9 acre in size and provided more than enough grazing for one bull. 

While the bulls were on treatment B (barn or dry lot feeding) they were 
kept in a tie-in stall barn and exercised daily on a mechanical exerciser for 
about 1 hour. When the bulls were on treatments A and C each bull had free 
access to the 0.9 acre pasture and was given no forced exercise. 

Semen collection was attempted from each bull at intervals of 6 + 2 days, 
in most instances. This schedule, however, had to be deviated from at times for 
various reasons. On a given collection day one, two, or three ejaculates were 
obtained from a bull, depending on the need for semen. 


The following information was recorded routinely on each semen sample 
from each bull: volume per ejaculate in milliliters, number of spermatozoa 
per milliliter as determined by a calibrated Klett-Summerson photoelectric 
colorimeter (20), initial motility (4), and the methylene blue reduction time 
(4, 25). Semen samples meeting the minimum quality standards of 50 per 
cent initial motility, 900 million spermatozoa per milliliter of semen, and a 
9-minute or less methylene blue reduction time were diluted by volume at ratios 
up to 1:100 (19) with egg volk citrate-sulfanilamide (21, 22) and shipped for 
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artificial insemination. The fertility data were based on percentages of 60- to 
90-day non-returns to first services. 


RESULTS AND DISCUSSION 


A summary of the semen characteristics treatment means is shown in Table 2. 
It will be noted that the means for each of the semen characteristics are of similar 
magnitudes, irrespective of the treatment or feeding schedule. Statistical anal- 
yses (7, 23) of the data revealed that there were no significant differences among 
the treatments for any of these semen characteristics. There were no significant 
carry-over effeets or trends. 


TABLE 2 
Summary of semen characteristics 


Treatments 

A B 6 
No. of ejaculates 264 240 243 
Vol./ejae. 4.34 4.17 4.47 
Sperm/ml. ( 10") 1231 1217 1248 
Sperm/ejac. ( 10") 5335 5079 5574 
Initial motility ) 59 57 5 
Motile sperm/ejac. 3153 2886 3185 


The findings reported herein are contrary to those of Laptev (12) and Smir- 
nov-Ugrjumov and Laptev (24), who found that rations containing green feeds 
such as grass or pasture caused an increase in sexual activity, in the amount of 


TABLE 3 
Summary of fertility data for the individual bulls by treatments 


Treatments 
A B C 
Bull First 60-90 First 60-00 First 60-90 
No. services day N.R.* services day N.R. services day N.B. 
(%) (%) (%) 
1 343 57.1 90 75.6 59 50.8 
2 173 75.1 195 67.7 139 65.5 
3 221 73:3 194 74.7 267 69.3 
+ 13 66.9 53 S1.1 73 84.9 
5 293 67.6 269 66.9 339 72.3 
6 2352 69.0 181 713 312 56.1 
7 118 72.0 82 79.3 131 vi 
s 183 74.9 183 68.5 143 76.9 
9 69 65.0 82 72.0 115 69.5 
10 11] 58.6 28 67.9 91 74.7 
1l i) 55.6 57 719 61 67.2 
12 64 65.0 52 73.1 65 67.7 
13 87 63.2 106 74.5 123 70.7 
14 57 70.2 212 69.3 155 79.4 
15 67 79.1 5 80.0, 98 72: 
16 187 49.7 s+ 458.5 137 53.3 
17 85 75.3 192 719 135 63.0 
1s 172 64.0 112 67.9 154 76.0 
Totals 2,698 66.4 2397 70.3 2,597 68.8 
*N.R. = Non-return to Ist service. 
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ejaculate, and in semen quality. The latter investigators stated that the in- 
creased sexual activity apparently was caused by raising the nervous and 
muscular tone, and the effects of such feeds were manifested immediately. How- 
ever, the results presented in Table 2 are in agreement with those of Komarov 
(11), who observed no such increases when green grass was substituted for hay 
in the rations of bulls. 

Although there appears to be a trend in favor of dry lot or barn feeding 
when the fertility data in Table 3 are considered, the means for treatments were 
not statistically significantly different from each other. The differences ob- 
tained apparently were due to chance and the extent to which the semen of 
some of the bulls was used for inseminations while they were on the different 
treatments or feeding schedules. These results are interpreted to mean that the 
fertility of the semen from the bulls was influenced similarly by the different 
feeding practices and that there was no statistical or practical advantage of 
dry lot over pasture feeding of the bulls. 

Since the weight changes. sexual behavior, semen production. and fertility 
of the bulls were similar for the different treatments, it is of interest to con- 
sider the costs of the feeding schedules. The average monthly feed costs per 
bull are shown in Table 4. Drv lot feeding (treatment B) was more expensive 


TABLE 4 
Average monthly 1 days) feed costs per bull 

Feed Cost per 100 Ib. Treatments 

feed A B 

$ $ 
Grain 3.760 9.02 9.02 1.02 
Hay 1.625 7.80 3.90 
Pasture * Me 2.00 1.00 
Totals 11.02 16.82 13.92 
Pasture cost was estimated to be *#2.00/bull/month when it was the sole reughage and 

#1.00/bull when 0.5 Ib. hay/100 Ib. body weight was fed. 


than either of the pasture feeding practices, being considerably more expensive 
than treatment A (grain and pasture alone). Therefore, good pastures, if pro- 
vided during a considerable portion of the year, will cut feed costs and result in 
more economical operation of a bull stud. In faet, it has been observed since 
the conclusion of this experiment that when a bull has free access to excellent 
pasture there is no necessity of feeding hay and that little or no grain need be 
fed for maintenance of body weight and optimum sexual activity, semen produe- 
tion, and fertility. Also, contrary to the report of Smirnov-Ugrjumov and 
Laptev (24), the feeding of green grass alone does not appear to cause an im- 
mediate decrease in sexual activity and the amount of ejaculate nor any effect 
on sperm concentration 17 to 35 days later. 

The results reported in this paper support the recommendations of Goode 
and Ruddick (8), Yapp and Nevens (26), and Perry (15), as well as observa- 
tions of herdsmen and bull stud managers (2, 3). Pasture consisting of a good 
combination of grasses and legumes is ideal feed for dairy bulls from the stand- 
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point of sexual behavior, semen production, fertility, and economy. There ap- 
pears to be little justification for the fear that too much pasture may make the 
bull paunchy so that he will be clumsy and slow at service. 


SUMMARY AND CONCLUSIONS 


Using 18 dairy bulls averaging 6.51 years of age in a ‘‘double change-over”’ 
experimental design involving three 70-day periods, semen production and 
fertility were compared on the following feeding schedules: grain plus pasture 
alone, grain and hay alone, and grain plus pasture and hay. Feed costs also were 
considered, 

Body weight changes, sexual behavior, semen production, and fertility were 
similar for the different feeding practices. Monthly feed costs per bull for the 
treatment involving feeding of the grain mixture and pasture alone were con- 
siderably less than those for the dry lot or barn feeding of grain and hay alone. 
Therefore, it is concluded that pasture grasses and legumes are ideal feeds for 
dairy bulls used in artificial breeding. 
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CULTURAL METHODS AND SOME CHARACTERISTICS OF SOME OF 
THE MORE NUMEROUS GROUPS OF BACTERIA 
IN THE BOVINE RUMEN 


M. P. BRYANT anp L. A. BURKEY 
Bureau of Dairy Industry, Agricultural Research Administration, 
U.S. Department of Agriculture 


It has been shown that the rumen of cattle contains billions of bacteria per 
milliliter of ingesta and that this bacterial tlora brings about a complex fer- 
mentation process which is essential to the maintenance of normal digestion 
and nutrition of the animal. 

Although large numbers of bacteria of diverse morphological characteristics 
can be demonstrated readily in rumen contents by microscopic examination, 
only a small number of these bacteria have been grown in pure culture and 
described as to their morphological and physiological characteristics. It has 
been recognized that many of the bacteria in the rumen cannot be cultivated 
by the more common bacteriological techniques (9) because of their apparently 
peculiar growth requirements. One of the most serious problems limiting the 
progress in the study of these bacteria has been the lack of development of 
adequate cultural methods. 

In recent years methods have been devised with which large numbers of 
bacteria have been grown from rumen contents. Hungate (10, 11) described 
an anaerobic technique and an agar medium containing minerals, a carbonic 
acid-bicarbonate buffer, and sterile rumen fluid for the isolation of cellulolytic 
bacteria and showed that large numbers of non-cellulolytic bacteria also could 
be grown on this medium. Sijpesteijn (15) used a similar medium that con- 
tained yeast autolysate in place of rumen fluid to cultivate cellulolytie cocci. 
Gall ef al. (5, 8) used a rich organic broth medium and emphasized the neces- 
sity of continued maintenance of anaerobic conditions and speed in preparing 
cultures of bacteria from high dilutions of rumen contents. 

Hungate (11) and Sijpesteijn (15) have described certain cellulolytic bae- 
teria present in large numbers in rumen contents. Gall and Huhtanen (7) 
have characterized five kinds of bacteria that satisfied the criteria they estab- 
lished for judging a true rumen organism. Other workers have isolated and 
studied various bacteria from rumen contents, but it has been uncertain whether 
these bacteria were present in the rumen in sufficient numbers to be of im- 
portance in the fermentation. 

The present work was undertaken to study cultural methods for the enumera- 
tion and isolation of bacteria present in rumen contents and to determine some 
characteristics of some of the more numerous groups of bacteria found. 


METHODS 
Sampling procedure. Samples of rumen contents were obtained by stomach 
tube (34 in. inside diameter) without the aid of, a vacuum pump, as demon- 
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strated by Pounden (14), and were collected 6 hours after feeding the animal. 
One half to one liter of the rumen contents was allowed to pass through the 
tube before the sample to be studied was collected in a 300-ml. Erlenmeyer 
flask. The flask was filled to capacity, stoppered, and taken immediately to 
the laboratory. The time interval between collecting the sample and completing 
culteres varied from 15 to 30 minutes. The cows used and rations fed are 
deseribed in another paper (4). 

Anaerobic culture technique. The anaerobic technique used to culture the 
bacteria was similar to that described by Hungate (11). With this technique 
anaerobic conditions are continuously maintained by displacing all air in cul- 
ture tubes or flasks with carbon dioxide or other appropriate gas. The gas is 
passed into the vessels by means of Pasteur pipettes attached by rubber tubing 
to the gas source, and subsequent entrance of oxygen is prevented by closing 
the vessels with rubber stoppers as the Pasteur pipettes are removed. <A. re- 
ducing agent is placed in the media so that a low oxidation-reduction potential 
is obtained, and resazurin is added as an indicator of anaerobiosis. 

Preparation of medium for culturing the bacteria. Three hundred milliliters 
of rumen fluid-glucose-cellobiose agar (RGCA medium) for primary cultures of 
the bacteria from the rumen was prepared in the following manner. Forty-five 
milliliters of mineral solution No. 1 (0.3% K.HPO,), 45 ml. of mineral solution 
No. 2 [0.3% KH.PO,, 0.6% (NH,).SO,, 0.6% NaCl, 0.06% MgSO,, and 0.06% 
CaCl, |, 0.3 ml. of 0.1 per cent solution of resazurin, 0.6 g. of glucose, 0.6 g. of 
cellobiose, 6 g. of agar, and 65 ml. of distilled water were placed in a 500-ml. 
round bottom flask and boiled to dissolve the agar. Then 120 ml. of rumen fluid 
were added and the solution again was boiled while passing carbon dioxide into 
the gaseous phase of the flask. The flask then was closed with a rubber stopper 
to prevent the entrance of oxygen. The stopper was wired in place and the 
medium was sterilized in the autoclave at 15 lb. pressure for 20 minutes. After 
sterilization, the medium was cooled to 45° C. in a water bath, and the stopper 
was removed from the flask. Carbon dioxide again was passed into the flask to 
keep out oxygen, and 5 ml. of sterile 3 per cent cysteine hydrochloride and 
20 ml. of sterile 6 per cent sodium carbonate solution were added. The con- 
tents of the flask were mixed well and transferred aseptically in 9 ml. quantities 
to sterile, rubber stoppered culture tubes (18 mm. 150 mm.) with carbon 
dioxide displacing all air. The medium had a final pH. of 6.6. 

When the RGCA medium was used to carry cultures of bactéria the amount 
of agar was reduced to 4.5 g. and it was placed in 6-ml. quantities in 16 mm. 
< 150 mm. eulture tubes. 


Autoelaved solutions of cysteine hydrochloride and sodium carbonate were 
kept in rubber stoppered culture tubes in which carbon dioxide displaced air. 
Rumen fluid used in the medium was obtained by filtering rumen contents, ob- 
tained from a cow on an alfalfa hay-concentrate ration, through two layers of 
cheese cloth to remove the larger particles and was stored under carbon dioxide 
in quart milk bottles in the refrigerator. Much of the particulate matter settled 
out, and the supernatant was added to the medium. 
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Anaerobic dilution solution. The anaerobic solution used to dilute the rumen 
contents prior to inoculating the RGCA medium contained the same concentra- 
tion of minerals as the medium, 0.05 per cent cysteine hydrochloride, 0.3 per 
cent sodium carbonate, 0.0001 per cent resazurin, and distilled water. This 
solution was placed in dilution bottles and sterilized in the autoclave. When the 
autoclave was opened, the bottles were immediately closed with sterile rubber 
stoppers; and, after cooling to 45-50° C., the solutions were bubbled with carbon 
dioxide to replace any oxygen present and to adjust the pH. 

Procedure for colony counts. One hundred eighty milliliters of the anaerobic 
dilution solution were placed in a clean Waring blendor into which a vigorous 
stream of carbon dioxide was passed, and 20 ml. of rumen contents were added 
with a wide mouth pipette. This 1:10 dilution of the sample was mixed vigor- 
ously in the blendor for 3 minutes at the speed obtained by setting the attached 
‘*Powerstat’’ variable transformer to deliver 47 volts on a 115 volt line. The 
sample then was diluted further to 10°, 10°, 10-7, and 10° dilutions in the 
anaerobic solution, shaking each dilution thirty times between transfers. The 
appropriate dilutions for colony counts, usually 1 ml. of the 10° dilution, were 
inoculated into tubes of the RGCA medium which had been melted previously 
and maintained at 45° C. in a water bath. The inoculated tubes of agar were 
rotated under the cold water tap to form roll tube cultures. The cultures were 
incubated at 37° C. for 3 days, and then colony counts were determined from 
average counts of five or more of the roll tube cultures. Usually, cultures from 
which counts were made contained between 10 and 50 colonies. 

Direct microscopic counts. In early experiments direct microscopic clump 
counts were made of samples of rumen contents, using 1 cm.° smears of 
the 10° dilution of rumen contents prepared as for the direct microscopic 
method for counting bacteria in milk. The smears were stained with 0.5 per 
cent aqueous safranin for 1 minute, and the bacteria present in 30 fields were 
counted, using a microscope with 12.5 >< oculars and a 93 oil immersion 
objective. In later work, the direct count method involved the use of a Petroff- 
Hauser bacteria counting chamber (16) and a phase microscope with 10 
oculars and a phase contrast, 97 X, oil immersion objective. With this method 
a 1:100 or 1:200 dilution of rumen contents in distilled water was prepared 
from the 1:10 dilution which had been mixed in the Waring blendor. The bac- 
teria present in 20 small squares of the chamber were counted. 

Isolation of bacteria. Only colonies from cultures inoculated with 1 >< 10° 
ml. or less of rumen contents were isolated. Pure cultures were obtained by 
serially diluting the well isolated colonies in tubes of the RGCA medium and 
preparing roll tube cultures. After incubation, a well isolated colony from the 
tube with the highest dilution of bacteria showing growth was stabbed and 
streaked on a slant of the RGCA medium in which the pure cultures were 
earried. In studying the characteristics of a large number of bacterial strains 
from a sample of rumen contents, the serial dilution of colonies in the medium 
to establish culture purity was discontinued because well isolated colonies of 
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the primary cultures were apparently pure in almost all instances. About 50 
colonies were isolated from each sample of ingesta cultured. 

Media for physiological studies of the isolated bacteria. The ingredients of 
the basal medium for the study of certain physiological characteristics of cul- 
tures of rumen bacteria were present in the following percentages: mineral 
solution No. 1, 15; mineral solution No. 2. 15; resazurin, 0.0001; trypticase, 1.5; 
yeast extract, 0.5; rumen fluid, 10; sodium carbonate, 0.4; and cysteine hydro- 
chloride, 0.05. Media for determining acid production from glucose, d-xylose, 
and cellobiose contained the basal medium plus 0.5 per cent of the sugar sterilized 
by filtration. Starch medium contained the basal medium plus 0.1 per cent 
soluble starch. The medium used to determine liquefaction of gelatin was the 
basal medium with 0.1 per cent glucose and 5 per cent gelatin added; and the 
medium for detection of hydrogen sulfide, relations to oxygen, and motility 
contained the basal medium and 0.5 per cent agar, 0.1 per cent glucose, 0.05 per 
cent ferric ammonium citrate, and 0.008 per cent sodium thiosulfate. These 
media were prepared using carbon dioxide gas and the anaerobic technique 
used in making the RGC.A medium. 

The medium used to detect cellulose digestion had the same ingredients as 
the RGCA medium except that agar and glucose were omitted and it contained 
0.01 per cent cellobiose and 0.2 per cent cellulose. The cellulose suspension 
was prepared by adding 2 per cent of Whatman No. 1 filter paper to distilled 
water and grinding in a ball mill for 72 hours. 

Procedures used to determine some characteristics of the isolated bacteria. 
Gram-stained smears and wet mount preparations for studying morphology and 
motility of the bacterial strains isolated were prepared from the water of 
syneresis of 18-hour slant cultures, or older cultures if growth was slow. 

All broth media for physiological studies were inoculated with 48- to 72-hour 
cultures of the bacteria from slants of the RGC.A medium. About 0.5 ml. of the 
starch medium was added to the culture and mixed with the bacteria, and one 
tube of each of the media was inoculated with a drop of this suspension. The 
semi-solid medium used to determine hydrogen sulfide, motility, and oxygen 
relations was stab inoculated. After inoculation of this medium, the stopper 
was momentarily removed without passing in carbon dioxide so that a trace 
of oxygen was admitted, and the upper portion of the medium became oxidized. 

Acid production from d-xylose and cellobiose was determined by adding 
brom thymol blue to the medium after one week of incubation. Acid production 
from glucose was determined with a glass electrode pH meter. The hydrolysis 
of starch was determined by adding Gram’s iodine solution to the week-old 
cultures. The ability of cultures to liquefy gelatin was determined after one 
and two weeks of incubation. 

Cellulose digestion was determined by observing a visible loss of the cellu- 
lose from tubes of the rumen fluid-cellulose broth after one week of incubation. 
In all cases where a visible loss of cellulose occurred, practically all cellulose 
had disappeared from the tubes within three days. This method of determining 
cellulose digestion was not sensitive enough to detect cellulolytic activity of at 
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least one kind of bacterium known to be present in the rumen, i.e. the ‘‘less 
actively cellulolytic rod’? of Hungate (11). However, quantitative determina- 
tion of cellulose digestion was considered too time consuming for a study of 
this kind. 

RESULTS 

The numbers of bacteria cultured from rumen contents varied somewhat, 
depending on the ration the animal was fed (4). However, averages of colony 
counts of 15 samples from cows om normal rations (alfalfa hay or alfalfa hay- 
grain mixture) showed 1.7 billion bacteria per milliliter with a standard devia- 
tion of + 0.45 compared to 20.2 + 6.1 billion bacteria per milliliter as estimated 
by direct microscopic clump counts. These data suggest that about 8.4 per cent 
of the bacteria present in the rumen were grown by the culture technique. 

The morphological types of bacteria cultured included various coeei, rod- 
shaped organisms, spirilla, and spirochetes. Some were oval or elliptical in 
shape and others varied from coccoid, oval to rod-shaped. Spores were not ob- 
served in any of the cultures studied. Many strains produced a considerable 
amount of capsular material. Few of the bacteria isolated were strongly Gram- 
positive, the majority being Gram-negative or variable under the conditions 
used. A considerable number of strains were difficult to see or were distorted 
in Gram-stained smears, and they were more easily recognized by using wet 
mount preparations and the phase contrast microscope. 

Characteristics of some of the different groups of anaerobic bacteria isolated 
are shown in Table 1. The cellulolytic cocei (CeC) were 0.8-24 in diameter 
(usually about lp) and usually occurred in long chains, but some were diplo- 
cocci (Figures la and 1b). They often produced capsular material, and a few 
strains produced a yellow pigment. Growth in cellobiose broth was turbid 
with more or less sediment within 24 hours. This group included bacteria 
similar to the ‘‘vellow cocci’’ and the ‘‘colorless cocci’’ of Hungate (11) and 


TABLE 1 


Characteristics of some different groups of anaerobic bacteria isolated from the rumen 


Gelatin 
Group Gram lique- Acid from Hydrolysis of 


designation Motility reaction H.S faction glucose d-xylose cellobiose starch cellulose 


CeC 

CeR 

+C—S 
R—GXCS 
+CR—GXC 
CR—S 
+SR—gGXC 
MR—GXCS 
MR—GXC 


| 
4 ++ 


+1 +1 
| 
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S—GX 
Spirochetes 


| 
+++4 ++ | +++ 


* w = weak reaction or negative. 
= Gram variable. 
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Ruminococcus flavefaciens described by Sijpesteijn (15). It was not possible 
to separate the 62 strains isolated into distinct subgroups on the basis of the 
characteristics studied as the variable characters appeared to vary independently 
of each other. A few strains of similar cocci were isolated that attacked cello- 
biose and, sometimes, glucose but failed to show cellulose digestion. 

The cellulolytic rods (CeR) were quite variable in morphology when first 
isolated. Most strains were fairly large rods (1-1.54  1.5-8) with pointed 
ends (Figure lc) but varied to small slender rods (Figure 1d). They were often 
slightly curved and exhibited uneven and usually bipolar staining. The cells 
occurred singly and in pairs but never were seen in chains. A rosette arrange- 
ment of cells (Figure le) was observed in six of the smaller strains of the 56 
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Fic. 1. Photomicrographs of bacteria isolated from rumen contents: (a) CeC, diplococeus 
variety, crystal violet stain. (b) CeC, long chain variety, Gram stain. (¢) CeR, large variety, 
Gram stain. (d) CeR, small variety, Gram stain. (e) CeR, rosette arrangement, Gram stain. 
(f) +C—S, Gram stain. (g) R—GXCS, Gram stain. (h) +CR—GXC, Gram stain. (i) 
+SR—gGXC, Gram stain. 
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CeR cultures isolated. This peculiar arrangement of cells was observed best in 
wet mounts and was seen only when cultures were first isolated. The cultures 
showing the rosette arrangement beeame larger on subeulture and then were 
indistinguishable from the larger strains. Growth in glucose broth was light 
or moderately turbid in 24 hours. These organisms appeared to be similar to 
Bacteriodes succinogenes described by Hungate (11), and the peculiar rosette 
arrangement of cells seen in some cultures would suggest that they were identical 
to the ‘‘rosette-shaped’’ bacteria observed frequently in rumen contents by other 
workers (1, 6, 13). 

The + C-S group (Figure 1f) were cocci 0.6 to 0.8. in diameter that occurred 
usually in long chains but occasionally in short chains or as diplococei. Growth 
in glucose broth either was not evident or developed a slight floeculent or 
slimy sediment in two or three days. These bacteria were characteristic in their 
feeble growth on most media but showed rapid hydrolysis of starch. 

The R-GXCS group (Figure 1g) was composed of rods 0.8 to lw» wide by 
1 to 7p long that often occurred in chains containing long and short to coecoid 
cells. Cells were often somewhat curved. Growth on glucose broth was evident 
within 24 hours with more or less turbidity and slimy sediment. 

The bacteria designated as + CR-GXC (Figure lh) were short fat rods 
0.54 wide by 0.5 to 24 long with some cells appearing as cocci. They occurred 
singly and in diplos. Twenty-four-hour growth in glucose broth was heavily 
turbid. 

The CR-S strains of bacteria were ovals to short fat rods 1.2 to 1.6 wide by 
1.2 to 3n long that occurred singly. There was very little or no visible growth 
on the test media, but starch was quite rapidly hydrolyzed. 

The + SR-gGXC group was composed of strongly Gram-positive cylindrical 
rods (Figure 1i) 0.54 wide and 0.9 to Su long. Growth on glucose broth was 
heavily turbid within 24 hours, and a considerable amount of gas was pro- 
duced other than that liberated from carbonate as a result of acid production. 

The MR-GXCS group of bacteria (Figure 2a) included rods 0.3 to 0.64 wide 
and 1 to 5p long that varied from curved to straight. Some were spindle-shaped, 
and chains of cells often were evident. Growth in glucose broth was heavy in 
24 hours and varied from even turbidity to floeceulent or granular sediment. 
Strains that produced flocculent or granular sediment were encapsulated. This 
group contained strains that were similar to the ‘‘less actively cellulolytie rods’’ 
described by Hungate (11). Three of the strains were cultured on rumen fluid- 
cellulose agar and one of these produced colonies with distinct zones of cellulose 
digestion after two weeks of incubation. None of the strains placed in this 
group showed a visible loss of cellulose in cellulose broth. 

The MR-GXC organisms were rods 0.3 to 0.64 wide and 1 to 5y long (Figure 
2c) that were usually curved and occurred singly and in chains. A few strains 
were larger (Figure 2b). Growth in glucose broth was heavy in 24 hours and 
appeared as uniform turbidity or as floceulent sediment (long chain varieties). 

The SR group was composed of small cylindrical rods 0.44 wide and 0.8 to 
2u long (Figure 2d) that were more or less filamentous. Where growth occurred 
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in broth media it was lightly turbid with slimy sediment and usually was not 
visible until after 2 or 3 days of incubation. These bacteria grew feebly and 
showed considerable variability on the test media. 

The MOR-GS group of bacteria (Figure 2e) included fair-sized organisms 
1 to 1.54 wide and 1 to 2 long that were coccoid and oval to short rod-shaped 
and occurred singly and in diplo. They were very actively motile. Growth in 
glucose broth was lightly turbid in 24 to 48 hours. 

The S-GX organisms were 0.4 to 0.6% wide and 0.8 long and helicoidal, with 
bluntly tapered ends (Figure 2f). There were usually one to three coils per cell. 
A few strains were larger and quite pliable. Growth on glucose broth was more 
or less turbid with considerable floeculent sediment within 24 hours. 

The spirochetes (Figure 2¢) were very slender helicoidal organisms that 
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Fig. 2. Photomicregraphs of bacteria isolated from rumen contents. (a) MR—GXCS, 
erystal violet stain. (b) MR—GXC, large variety, crystal violet stain. (¢) MR—GXC, small 
variety, erystal violet stain. (d) SR, Gram stain. (e) MOR—GS, crystal violet stain. (f) 
S—GX, erystal violet stain. (g) Spirochete, stained with crystal violet plus Gram’s iodine. 


were difficult to see in Gram-stained smears. Growth in glucose broth showed 
light to moderate turbidity in 24 to 48 hours, and surface growth on agar media 
diffused into the agar rather than building up on the surface. These organisms 
appeared to be similar to the Borrelia species previously described (3). 

The only bacteria isolated from the high dilutions of rumen contents that 
were not obligate anaerobes were facultative anaerobes of the genus Strepto- 
coccus. These bacteria accounted for 13 of the 896 strains studied. When a 
hay-concentrate ration was fed, only 2 of 247 strains studied were facultative 
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anaerobes. Further study of the characteristics of these two strains revealed 
that they were short chain, starch-hydrolyzing members of the species Strepto- 
coceus bovis (2). An aerobic colony count of rumen contents from a cow on 
this ration using trypticase soy agar gave 14 million bacteria per milliliter, and 
11 of 20 colonies studied were found to be S. bovis; no other species of strepto- 
cocei were found. Eleven of 155 cultures isolated from an animal fed a con- 
centrate mixture alone were facultative anaerobic streptococci. One of these was 
S. bovis and the others were long chain, nonhemolytie streptococci that did not 
hydrolyze starch. The S. bovis cultures were identical with cultures isolated 
from sheep (12) except that mannitol was never fermented and the fermenta- 
tion of trehalose varied. 

Some factors affecting the growth of rumen bacteria. In preliminary at- 
tempts to find a basal medium suitable for physiological studies of rumen 
bacteria, it was found that most cultures would not grow in media that did not 
contain carbonate. However, if the carbon dioxide-sodium carbonate buffer 
was added to these media, growth of most of the bacteria was good. To find the 
level of carbonate necessary for good growth, rumen bacteria were inoculated 
into tubes of the glucose broth medium that were modified to contain nitrogen gas 
in place of carbon dioxide and 0, 0.02, 0.05 and 0.10 per cent sodium carbonate, 
final pH 6.5. A control medium contained the carbon dioxide gas and 0.4 per 
cent sodium carbonate. Cellobiose was added to media inoculated with cellu- 
lolytic cocci that did not use glucose. Growth was estimated by visible turbidity 
and by lowering of pH after one week of incubation. Table 2 shows the results 
of this study. 

Only the Gram-negative motile rods (MR-GXCS, MR-GXC) gave a sig- 
nificant amount of growth when no carbonate was added to the medium. The 
spirochetes, S-GX, MOR-GS, and CeC groups showed better growth as the 


TABLE 2 
A comparison of growth of certain kinds of rumen bacteria in glucose or cellobiose media 
with varying amounts of sodium carbonate. 


No. strains Designation No 0.02% 0.05% Na.COs 0.1% Na.COs 0.4% Na.CO;* 
studied of culture pH growth pH growth pH growth pH growth pH growth 


4 CeC 6.4. — 6.0 ++ 5.8 ++ 5.7 +++ 
GS. 6.4 + 65 + 6.4 

4 R—GXCS 5.65 +++ t++ 54 58 
2 62 — 5.7 — 54 ++ 5.3 ++ 5.9 
+SR—gGxXC6.5 — 5.2 ++ 5.1 ++ 5.1 ++ 6.0 +++ 
4 MR—GXCS 5.8 5.3 52 #52 4+4+4+ #58 +++ 
4 MR—GXC 5.11 +++ 5.1 4¢4+4+ #51 4¢4+4+ #561 #59 +44 
1 MOR—GS 65 — 65 — 6.3 — 6.0 + 59 ++ 
2 S—GX 65 — 6.2 + 6.0 + 5.7 ++ 5.7 +++ 
3 Spirochetes 6.5 — 5.9 — 5.9 — $5: 


°The medium containing 0.4% Na,COs was prepared with carbon dioxide gas and is not 
comparable to the other media because of its high buffer capacity. 
” Averages of values obtained on the strains studied. 
—-== no visible growth 
+ = slight amount of visible growth 
++ = moderate amount of visible growth 
+++ = large amount of visible growth 
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concentration of carbonate was increased, and these cultures in the highly 
buffered medium containing carbon dioxide and 0.4 per cent sodium carbonate 
developed as low, or lower, pH levels as in the lightly buffered media containing 
less carbonate. The R-GXCS, + CR-GXC, and + SR-gGXC groups grew 
well at the 0.02 or 0.05 per cent level of sodium carbonate. The + C-S group 
grew feebly on all media. 

A similar experiment was set up to test the effect of omitting the rumen 
fluid from the glucose or cellobiose broth on the growth of these bacteria. No 
attempt was made to dilute out growth factors present in the inoculum. The 
R-GXCS organisms and the spirochetes showed no visible growth or lowering 
of pH unless the medium contained rumen fluid in addition to the veast extract 
and trypticase. The + CR-GXC and CeC groups grew better and gave lower 
final pH values in the medium containing rumen fluid. The other groups grew 
well with or without rumen fluid. 

Of the strains of bacteria studied only the MR-GXC and MR-GXCS groups 
grew well on the broth medium of Gall (5) that was modified to contain 0.1 
per cent cysteine, 0.1 per cent K,HPO,, 0.02 per cent sodium bicarbonate, and 
0.5 per cent of glucose or cellobiose. 

In preliminary studies media were prepared with only 0.02 per cent of 
cysteine hydrochloride because of the possibility of toxicity of this compound 
to some rumen bacteria. However, later experiments demonstrated that con- 
centrations of cysteine hydrochloride as high as 0.1 per cent did not inhibit 
acid production or growth of the groups of bacteria shown in Table 2. 


DISCUSSION 


The methods used to grow the bacteria from rumen contents were evolved 
after considerable time had been spent in evaluating different media, kinds 
of samples, dilution solutions, and methods of dispersing the bacteria in the 
sample. Higher colony counts and larger colonies were obtained from the RGCA 
medium than from Gall’s agar medium (8) or a tomato juice-veast extract- 
trypticase agar with the carbon dioxide—bicarbonate buffer system. Counts of 
1,100 million, 180 million, and 380 million bacteria per milliliter were obtained 
from a single sample of rumen contents cultured on the three media, respectively. 

It was found that higher colony counts were obtained from the solid portions 
of rumen contents obtained by squeezing the liquid off through cheesecloth 
than from the liquid fraction. Results of two experiments showed colony counts 
of 250 million compared to 1,400 million bacteria per gram and 350 million 
compared to 2,000 million bacteria per gram, for the liquid and solid fractions, 
respectively. Culturing the mixed sample, as it was delivered by the stomach 
tube, gave colony counts similar to the solid fraction and involved less manipula- 
tion of the sample before it was cultured. 

The use of the anaerobic dilution solution resulted in higher colony counts 
than a similar aerobic solution in which sodium chloride replaced the sodium 
carbonate and cysteine and carbon dioxide were omitted, or a distilled water- 
carbon dioxide dilution solution (5). Colony counts of 30 million and 1,700 
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million bacteria per milliliter were obtained when bacteria from one sample 
of rumen contents were cultured, using the distilled water-carbon dioxide solu- 
tion and the anaerobic dilution solution, respectively. Colony counts of 650 
million and 2,100 million bacteria per milliliter, compared to 100 million and 
1,100 million bacteria per milliliter, were obtained from two samples when the 
anaerobic dilution solution was compared with the aerobic solution. The in- 
oculation of the RGCA medium from aerobic dilutions tended to oxidize the 
medium. Colony counts obtained when a sample was diluted in the anaerobic 
solution were higher and more uniform than when the sample was serially 
diluted in tubes of the medium. Colony counts from one sample of rumen fluid 
resulted in 1.8 and 2.5 billion bacteria per milliliter when the anaerobic dilution 
solution was used, compared to 0.27 billion and 1.2 billion bacteria per milliliter 
when the sample was diluted in the medium. 

Higher colony counts were obtained when the 10°' dilution of the sample 
was mixed in the Waring blendor than when this dilution was shaken 180 
times by hand. The former method gave colony counts of 2.2 billion and 2.0 
billion bacteria per milliliter in two experiments compared to 1.3 billion and 
0.85 billion bacteria per milliliter obtained with the latter method. 

On the basis of the characteristics studied, it was not possible to establish 
how many fundamentally different kinds of bacteria were included in the 896 
strains that were isolated. However, a majority of the bacteria were recognized 
as belonging to certain more or less well defined groups. The groups described 
accounted for 57 to 86 per cent of the cultures isolated under different sets 
of conditions (4). Other groups were recognized but were not described be- 
cause of the small number of strains found. Some strains studied did not ap- 
pear to fall into well defined groups, but it was possible that many of them 
were variants of the groups described. Also, it is probable that the culture 
media used to determine physiological characteristics were not appropriate for 
some of the bacteria isolated and might have indicated apparent rather than 
real differences in their characteristics. 

It is a matter of speculation whether or not the methods used allowed the 
growth of a significant number of the bacteria in the rumen as no methods are 
available for determining how many viable bacteria are present. The results 
indicating that only 1.7 billion bacteria per milliliter were grown of the 20.2 
billion bacteria per milliliter seen with the microscope would suggest that many 
of the bacteria either were not viable when cultured or were not capable of 
growing under the cultural conditions used. Furthermore, the microscopic 
counts reported by Gall et al. (6) for cows on similar rations were considerably 
higher than the 20.2 billion bacteria reported in this paper. 

The fact remains that many different groups of bacteria present in large 
numbers were grown, and this makes possible the study of their growth re- 
quirements and physiological characteristics, which should help to bring about 
a more complete understanding of the role of bacteria in the rumen. 

The large numbers of bacteria apparently not-cultured, and the groups of 
bacteria cultured that grew poorly on the media used, indicate that other factors 
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necessary for the growth of certain kinds of bacteria must be explored. However, 
it is unlikely that all of the bacteria of importance in the rumen will be grown 
on a single culture medium. 

The complexity of the rumen flora was clearly indicated by these preliminary 
studies. It was of interest that none of the better known groups of bacteria, 
such as members of the family Enterobacteriaceae (2), enterococci, or spore 
forming anaerobes, were found in the rumen under conditions studied. 


SUMMARY 


Methods were deseribed for cultural counts and the isolation and determina- 
tion of some characteristics of some of the more numerous groups of bacteria 
in the rumen of cows. 

Samples of rumen contents were diluted in an anaerobic dilution solution, 
mixed in a Waring blendor to disperse the bacteria, and cultured in an anaerobie 
agar culture medium containing minerals, rumen fluid, glucose, cellobiose, 
cysteine, and carbonic acid-sodium bicarbonate buffer system. 

The morphology, Gram reaction, motility, relations to oxygen, and ability 
to produce hydrogen sulfide, to liquefy gelation, to hydrolyze starch and cellu- 
lose and to produce acid from glucose, xylose, and cellobiose were determined 
for each of 896 strains of bacteria isolated. 

Colony counts of rumen contents from animals on normal rations averaged 
1.7 billion bacteria per milliliter, or about 8.4 per cent of the total bacteria 
present, as determined by direct microscopic methods. 

Almost all bacteria cultured were strict anaerobes, the exceptions being 
facultative anaerobes of the genus Streptococcus. 

Some characteristics of thirteen of the different groups of anaerobic bae- 
teria isolated from 10° or higher dilutions of rumen contents were described. 

Many of the groups of bacteria isolated required carbonate in the culture 
medium before growth was obtained and several groups did not grow well unless 
rumen fluid was included in the medium. 
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NUMBERS AND SOME PREDOMINANT GROUPS OF BACTERIA IN 
THE RUMEN OF COWS FED DIFFERENT RATIONS 


M. P. BRYANT anp L. A. BURKEY 


Bureau of Dairy Industry, Agricultural Research Administration, 
U.S. Department of Agriculture 


Early observations on the bacterial flora of the rumen of cows and sheep 
indicated fluctuations in the numbers and kinds of bacteria when different 
rations were fed. However, such evidence was based largely on studies Dy 
microscopic methods which were limited in scope because little information was 
obtained on the numbers of different kinds of bacteria present. The recent 
development of methods for the cultivation of large numbers of bacteria from 
rumen contents has opened the way for obtaining more accurate information 
on the kinds of bacteria present. 

Gall et al. (3) cultured bacteria from the rumen of cattle and sheep on 
practical farm rations and coneluded that the bacteria present in both species 
on all rations presented a rather uniform picture except that the numbers of 
fast growing organisms increased with the amount of grain in the ration. In a 
similar study Gall et al. (4) showed distinct differences in the numbers and 
kinds of bacteria present in the rumen of sheep on purified rations containing 
urea-plus-sulphur, urea-without-sulphur, and casein. Burroughs et al. (2) found 
that both the kinds and the numbers of bacteria cultured from rumen contents 
differed when steers were fed corncob-alfalfa hay rations with and without 
added starch and with varying amounts of casein. Hungate et al. (5) observed 
rapid changes in the ruminal flora when large amounts of grain or glucose were 
placed in the rumen of sheep that had been maintained on a ration of alfalfa 
hay. A rapid increase in the numbers of Streptococcus bovis and a decrease in 
the numbers of other kinds of bacteria were noted. 

The present paper presents some information on the numbers of bacteria 
cultured and the occurrence of different groups of bacteria isolated from high 
dilutions of rumen contents from cows fed different rations. 


EXPERIMENTAL PROCEDURE 


The animals used, a description of the rations fed, and the outline of the 
experiments are shown in Table 1. Cow N817 was a first calf Holstein heifer 
and cow X47 was a nine-year old Holstein-Jersey crossbred. The rations fed 
to cow N817 were given in the order in which the rations appear in Table 1 ex- 
cept that the animal was placed on an alfalfa hay-concentrate ration for one 
month between experiments 3 and 4. When the alfalfa hay ration was fed, the 
two animals were fed from the same lot of hay but were kept in different areas 
of the farm so that no transfer of flora from one animal to the other was likely. 

The method of obtaining samples of rumen contents and the bacteriological 
methods used were described in another paper (1). The strains of bacteria 
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TABLE 1 


Outline of experiments showing the rations fed and the 
days the cow was on the ration when sampled 


Composition of Ration 


Experi- Cow Crude* Fiber* N.F.E.* Level (TDN) * Days on Ration 
ment Protein When Sampled 
(%) (%) (%) 

L. N817_ Alfalfa 14.6 22.3 44.9 hay ad lib. (16.6) 30°, 68,88, 96 
hay con- 103, 150. 
centrate 

2. N817_ Alfalfa 14.6 22.3 44.9 maintenance (6.88) 11, 18. 


hay con- 
centrate 


3. N817 Wheat 3.8 35.7 40.9 ad lib. (5.07) 10, 21, 28. 
straw 

4, N817 Concentrate 15.4 6.3 63.0 maintenance (6.88) 21, 49, 56. 

5. N817_ Alfalfa 14.3 29.6 36.5 maintenance (7.0) 11, 25, 45. 
hay 

6. X47 Alfalfa 14.3 29.6 36.5 maintenance (9.6) 14, 27, 48. 
hay 


*Caleulated from Morrison except for the concentrate mixture on which analyses were 
obtained. 

» In excess of 30 days. 
studied were obtained from colonies grown in culture tubes containing 1 * 10°° 
ml. or less of rumen contents. <All well isolated colonies in culture tubes of the 
same dilution of a sample of rumen contents were picked until about 50 isolates 
were obtained. This was done so that the numbers of each group of bacteria 
grown could be estimated. 


RESULTS 


Number of bacteria cultured. The numbers of bacteria present in the rumen 
contents of animals on the rations of the different experiments are shown in 
Table 2. On rations other than concentrate (experiment 4), there was very 
little difference in the numbers of bacteria found. When the concentrate mixture 
alone was fed, the numbers of bacteria cultured were higher and became pro- 
gressively higher with the length of time the animal was on the ration. After 
21, 49, and 56 days the colony counts were 4.1, 6.7, and 8.8 billion bacteria per 
milliliter, respectively. Of considerable interest were the data showing that 


TABLE 2 
Numbers of bacteria found in rumen contents under different conditions 


No. of samples 


Experiment * cultured Colony count Microscopie count 
(Billion per ml.) (Billion per ml.) 
1 6 osu” 16 + 49 
2 2 2.0 + 0.14 25 = 25 
3 3 1.8 + 0.74 i = SA 
4 3 65 += 2.40 14° 
5 3 1.7 + 0.44 17 + 45 
6 3 1:3 = 0.12 22 + 2.5 


* As described in Table 1. 

> Standard deviation. 

° A microscopic count was obtained on only the last sample collected when this ration was 
fed. 
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the straw ration gave colony counts of about the same numbers as the rations 
containing hay and concentrate or hay alone. The level of feeding the hay- 
concentrate ration had little effect on the numbers of bacteria grown. 

The Occurrence of Certain Groups of Bacteria. Some characteristics of certain 
of the groups of bacteria isolated were described previously (1). The occurrence 
of these bacteria in the high dilutions of rumen contents studied is shown in 


Table 3. 


TABLE 3 
The numbers of cultures of certain groups of bacteria isolated from a cow" fed different 
rations expressed as the percentage of total strains isolated 


Per cent of Isolates During Experiments 


Designation 

of cultures 1 2 3 4 5 6 
CeC 5.9 S.4 7.5 5.2 10.6 6.1 
CeR 5.3 6.3 20.4 0 4.6 2.7 
+C—S 10.5 4.2 4 3.9 2.0 2.0 
R—GXCS 12.5 S.4 11.6 5.8 8.6 18.9 
+CR—GXC 7.3 0 6.6 5.4 
CR—S 13 0 1) 15.5 0 0 
+SR—gGXC 2.6 2 0 0 0.7 2.7 
MR—GXCS 2.6 8.5 2.7 20.0 13.9 10.2 
MR—GXC 5.9 9.5 16.3 2.6 10.6 4.7 
SR 3.9 2 27.9 0 8.6 3.4 
MOR—GS 5.9 2. 0 1.9 0 0 
S—GX 0.7 0 0 18.1 1.3 1.4 
Spirochetes 4.6 2.1 0 0 0.7 0 
Facultative 0.7 11 0 7.0 0 0 
Streptococci 

Per cent of 

total isolates 69.7 61.5 86.0 78.5 68.2 57.0 


“Tn experiment 6 a different animal was used but was fed the same ration as the cow in 
Experiment 5. 


The cellulolytic cocci (CeC) were a fairly constant percentage of the total 
isolates from the different experiments. This was in sharp contrast to the cellu- 
lolytie rods (CeR) which varied from no isolations on the concentrate ration to 
20.4 per cent of the bacteria isolated on the straw ration. It was of interest that 
when the animal was fed the concentrate ration the CeC group was maintained 
in high numbers even though this ration contained only 6.3 per cent of fiber. 

The + C-S group was found most often when the hay-concentrate rations 
were fed and was lowest in numbers when straw or hay rations were fed. The 
+ CR-GXC group was found only when hay was included in the ration. The 
CR-S, S-GX, and facultative anaerobic streptococcus groups were found for 
the most part when concentrate alone was the ration. The + SR-gGXC group 
accounted for only a few of the isolations when alfalfa hay was ineluded in the 
ration but accounted for 5 of 48 isolates from an animal on a soybean hay-con- 
centrate ration. The MR-GXCS and MR-GXC groups were found in all rations 
studied. The MR-GXCS group was found most often on the concentrate ration 
and the MR-GXC group was found most often on the straw ration. The SR 
group was the most numerous of the different groups cultured when the straw 
ration was fed, and was not found in the concentrate ration. The MOR-GS 
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group was found only when concentrate was included in the ration, and the 
spirochetes were cultured mostly from the hay-concentrate rations. 

The data in Table 3 suggest that there were relatively more different groups 
of bacteria present in high numbers when the alfalfa hay or alfalfa hay-con- 
centrate rations were fed, and there were no distinctly dominant groups. On 
the wheat straw ration the flora was of a less complex nature, as fewer groups 
predominated. All of the groups found in the straw-fed animal were found 
also when the animal was fed alfalfa hay or alfalfa hay-concentrate rations. 
The concentrate ration also supported a less complex flora than the alfalfa hay 
rations, but it contained more groups of bacteria than did the straw ration. 
As in the straw ration, there was a tendency toward the predominance of fewer 
groups of bacteria. 

Most of the differences in the groups of bacteria isolated from the two animals 
fed the same rations (experiments 5 and 6), were the increased numbers of 
the R-GXCS group in the cow X47 (experiment 6) and the presence of fair 
numbers of two groups of bacteria (not described) in this animal which were 
not found in the other animal. Otherwise, the groups of bacteria present in the 
two animals were fairly similar. 

Some physiological characteristics of the baeteria isolated from the rumen 
when different rations were fed. Experiments 1 to 5 of Table 4 show some 
physiological characteristics of the bacteria isolated from cow N-817 when dif- 
ferent rations were fed. Practically all organisms isolated were obligate anaerobes 
with the exception of a few facultative anerobic streptococci, most of which were 
found when the concentrate mixture was fed. The number of strains capable 
of producing hydrogen sulfide was low in all rations but somewhat higher when 
wheat straw was fed. The SR group accounted for most of the hydrogen sul- 
fide producers isolated from this ration. The number of cultures isolated that 
liquefied gelatin varied somewhat with the different rations and could not be 
correlated with the amount of crude protein in the ration (Table 1). 

The numbers of starch-hydrolyzing bacteria found varied with the type of 
ration fed, being low on the straw ration, intermediate on the alfalfa and alfalfa- 
concentrate rations, and highest on the concentrate ration, which contained a 


TABLE 4 
A comparison of the percentage of strains of bacteria having certain physiological characteris- 
tics isolated from high dilutions of rumen contents from a cow fed different rations * 


Experi- Total Produce Liquefy 


ment Strains Anaerobic H.S gelatin Hydrelyse Produced acid 
Isolated Starch Cellulose Glucose Xylose Cellobiose 

(%) (%) (%) (%) (%) (%) (%) (%) 
1 152 99.4 3.9 23.7 42.8 11.2 75.0 41.4 66.4 
96 99.0 2.1 18.8 32.3 14.7 64.6 46.9 74.0 
3 150 100.0 16.0 19.0 18.0 27.9 70.0 67.4 74.7 
4 158 93.0 4.0 24.0 56.0 5.2 72.0 55.0 55.0 
5 151 100.0 3.3 14.6 33.1 15.2 74.2 52.3 74.8 
6 149 100.0 5.4 27.5 49.7 8.8 76.5 62.4 80.0 


“Tn experiment 6 a different animal was used but was fed the same ration as the cow in 
experiment 5. 
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high percentage of starch. The numbers of cellulose-digesting bacteria isolated 
tended to vary with the amount of crude fiber in the ration. 

The percentage of strains capable of producing acid from glucose and cello- 
biose was quite high on all rations. However, the number of cellobiose fermentors 
cultured was depressed on the concentrate ration. Cultures producing acid 
from xylose were fewer in number than those that produced acid from glucose 
or cellobiose. They were highest in number in the straw ration, which contained 
more xylan than the other rations. 

By comparing the figures in experiments 5 and 6 of Table 4 it can be seen 
that the two animals on the same ration showed some differences in the numbers 
isolated that liquefied gelatin and in those that hydrolyzed starch or cellulose. 


DISCUSSION 


Some variations were noted in the occurrence of the groups of bacteria 
cultured from different samples of rumen contents collected from a_ single 
animal held under a given set of conditions. However, because of the large 
numbers of apparently different kinds of bacteria found in a given sample, 
these variations were not believed to be of significance except when the con- 
centrate ration was fed. The predominant groups of bacteria isolated from 
this ration were found in all of the three samples with the exception of the 
facultative anaerobic streptococci, which were found only in the third sample 
collected. In general, the results indicated that the flora of the rumen remained 
constant under a given set of conditions. 

The results of the study of the bacteria present in different animals on the 
same ration suggest that factors other than ration may have some effect on the 
oceurrence of the different groups of bacteria in the rumen. The factors respon- 
sible for these differences are not known. However, the animals were fed different 
rations prior to being placed on the identical rations and were housed under 
different conditions in separate areas of the farm. Also, the animals were of 
different breeds and ages. 

The level of feeding the alfalfa hay-concentrate ration appeared to have 
little effect on the groups or numbers of bacteria cultured. The kind of ration 
fed appeared to have considerable effect on the majority of the groups of bae- 
teria found, but the groups that were not found in a given ration were quite 
possibly present but in smaller numbers than could be detected in the high dilu- 
tions of rumen contents cultured. 

The results show that cellulolytic bacteria account for a considerable pro- 
portion of the total bacteria present in rumen contents. In the rations studied 
they accounted for 5.2 per cent of the bacteria cultured, when the concentrate 
ration was fed, to 27.9 per cent, when the wheat straw ration was fed. These 
figures may be somewhat high, as it was probable that all viable bacteria were 
not grown on the culture medium. However, it was certain that other cellu- 
lolytic bacteria were present but not detected because of the method used to 
detect cellulose digestion. This method would not show cellulose digestion of 
organisms similar to the ‘‘less actively cellulolytie rod’’ of Hungate which were 
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cultured (1), and it is possible that other cellulolytic bacteria were present in 
large numbers in the samples cultured but would not grow in the medium or 
would not show cellulose digestion by the method used. 

The estimated numbers of cellulolytic bacteria present in the rumen when 
different rations were fed (colony count per cent of cellulolytic cultures 
isolated — 100) were 210 million, 290 million, 500 million, 340 million, and 260 
million bacteria per milliliter of rumen contents in experiments 1 to 5, respective- 
ly. From these data it was obvious that the amount of fiber in the ration did not 
markedly intluence the number of cellulolytic bacteria present per milliliter of 
rumen contents because the number of these bacteria found when the concentrate 
ration was fed (experiment 4) was of the same magnitude as when rations of 
higher fiber content were fed. If a relationship existed between the cellulolytic 
bacteria present in the rumen and the amount of cellulose in the ration, it would 
appear to have been in the proportion of cellulolytic bacteria to total bacteria 
(Table 4), rather than in the actual numbers of cellulolytic bacteria present. 

The fact that as many bacteria and more cellulolytie bacteria were found in 
the poor quality, low protein ration of wheat straw as in the alfalfa hay and 
alfalfa hay-concentrate rations appeared to be in agreement with the work of 
Burroughs et al. (2), who showed that roughage digestion and total counts of 
ruminal bacteria in cattle were not raised by adding starch and protein to a low 
protein ration of corncobs and alfalfa hay. 


SUMMARY 


A study was made of the numbers and groups of bacteria present in the 
rumen of a cow fed different rations and of the bacteria present in different 
cows fed the same ration. The rations studied were alfalfa hay, alfalfa hay- 
concentrate, wheat straw, and a concentrate mixture. 

The numbers of bacteria cultured were about the same when different rations 
were fed except for an increase on the concentrate ration. 

The bacterial flora was more complex when alfalfa hay or alfalfa hay- 
concentrate rations were fed than when concentrate or wheat straw was the 
ration. 

The level of feeding the alfalfa hay-concentrate ration had little effect on 
the numbers or the different groups of bacteria cultured. 

Some differences were noted in the groups of bacteria isolated from different 
animals fed the same ration. 

Differences were shown in the percentage of strains of bacteria isolated 
having certain physiological characteristics when different rations were fed 
and when different animals were fed the same ration. 
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AN IMPROVED METHOD OF DETERMINING CONCENTRATION OF 
QUATERNARY AMMONIUM COMPOUNDS IN WATER 
SOLUTIONS AND IN MILK! 


T. E. FURLONG anp P. R. ELLIKER 
Oregon Agricultural Experiment Station, Corvallis 


Methods of determining concentration of quaternary ammonium compounds 
(QACs) in water solution and in milk have been reviewed briefly by Miller and 
Elliker, who also reported a new, rapid test for QAC in milk based on reaction 
of QAC with eosin to form a red precipitate and subsequent titration to a 
colorless endpoint with a standard solution of anionic surface active agent (2). 
The rapid test has proven satisfactory for routine detection of QAC in milk, 
but the extraction method used does not yield total recoveries of QAC. Con- 
sequently a series of known concentrations of QAC in milk must be set up as 
standards and tested with the unknown sample for accurate interpretation of 
results with the method. A study therefore was undertaken to improve methods 
of extraction and titration of QAC in milk. The results obtained in this study 
also have been applied in developing a new method of determination of QAC 
in water solutions. 


EXPERIMENTAL 
Improved Procedure Developed for Determination of QAC in Milk 


Reagents. (a) Tetrachloroethane (technical grade). (b) Lactie acid (re- 
agent grade), adjusted to 50 per cent by weight in distilled water. (¢) Eosin 
yellowish dye (Biological Color Commission Index 768) solution prepared at 
rate of 0.5 mg. dye per 1 ml. of distilled water. (d) 4.0 molar sodium hydroxide, 
analytical reagent. (e) Citric acid (monohydrate, analytical reagent) buffer 
prepared by adjusting a 25 per cent solution of citric acid in distilled water to 
pH 4.5 with 50 per cent sodium hydroxide (analytical reagent). (f) Anionic 
surface active solution prepared at rate of 0.1 mg. of 100 per cent pure Aerosol 
OT (dioetyl sodium sulfosuccinate) per milliliter of distilled water to provide 
final concentration of 0.01 per cent of active Aerosol OT (Pure Aerosol OT ob- 
tained from American Cyanamid Co.). 

Procedure. Place the following in a test tube: 5 ml. tetrachloroethane, 2 ml. 
50-per cent lactic acid, and 5 ml. milk sample. Cork tube and shake vigorously 
for one minute. Add 2 ml. of 4.0 molar sodium hydroxide to tube and invert 
six times to mix contents. Rubber stoppers have proven unsatisfactory. Cork 
stoppers or glass-stoppered tubes suitable for centrifuging are preferable. 

Separate tetrachloroethane from milk solids and water by centrifugation. 
About 5 minutes are required at 3200 r.p.m. in a 10-inch centrifuge. Three 
distinct layers should result following centrifuging. The top, aqueous layer 
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should be clear; the middle, solid layer should consist chiefly of white, pre- 
cipitated protein; and the lower layer should be clear tetrachloroethane con- 
taining any QAC originally in the milk. 

Remove the top layer by decantation or with an aspirator. Separate as much 
of the tetrachloroethane as possible from the curd. Place a 2-ml. aliquot of the 
tetrachloroethane in a clean tube containing 0.5 ml. of pH 4.5 buffer and 0.2 ml. 
of eosin solution. Cork tube and shake vigorously. A pink to red color in the 
tetrachloroethane indicates presence of QAC. Titrate to a colorless end point 
with 0.01 per cent Aerosol OT solution. Vigorous shaking is required during 
the titration. 

Sensitivity of the above described method for QAC in milk can be increased 
considerably by increasing the ratio of milk to solvent. However, the per cent 
recovery of total QAC present is reduced. The ratio of 5 ml. of sample to 5 ml. 
of tetrachloroethane provided recoveries approaching 100 per cent with three 
out of four QACs tested. Preliminary trials indicated that application of photo- 
metric methods using a wave length of 545 mu might prove suitable for in- 
ereasing sensitivity. 


Improved Procedure Developed for Determination of QAC in Water 


Place 2 ml. of the QAC solution to be analyzed in a test tube containing 2 ml. 
of tetrachloroethane, 0.5 ml. of pH 4.5 buffer, and 0.2 ml. of eosin solution. 
Shake contents of tube vigorously. A pink to red color in the tetrachloroethane 
indicates presence of 1 p.p.m. or more of QAC. Titrate to a colorless end point 
with 0.01 per cent Aerosol OT solution. Vigorous shaking is required during 
the titration. 

Sensitivity of the direct water titration can be inereased for low concentra- 
tions of QAC by employing 10 ml. of sample, 1 ml. of buffer, and 0.2 ml. of eosin 
solution. 

QAC in detergent sanitizer solutions also can be titrated by the direct water 
method. Trials in these studies included two detergent sanitizer preparations 
containing QAC B and QAC C, respectively. More buffer may be required 
for highly acid or alkaline QAC solutions. 


Development of Extraction and Titration Procedures 


The following comments and explanation of various steps are desirable for 
those who may be interested in developing modifications of the methods outlined. 


METHODS OF EXTRACTION 


Studies on extraction were directed toward finding some method of remov- 
ing the QAC as such from milk. This would permit subsequent determination 
of QAC concentration in the extract by the same procedure as that employed 
for water solutions. It would in turn enable comparative trials on milk and 
water solutions to determine the percentage recovery of QAC from milk. 

A number of solvents, including ethyl ether, chlorobenzene, ethylacetate, 
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benzene, ethylene chloride, carbon tetrachloride, 8, 8’ dichloroethyl ether, and 
tetrachloroethane, were employed for extraction of QAC from water solutions 
and milk. Tetrachloroethane and £, 8’ dichloroethyl ether yielded most com- 
plete extraction from water solutions and tetrachloroethane proved most efficient 
of all solvents in extracting the QAC from milk. Both of these solvents also 
yielded fairly complete separation of solvent layer from water or milk. 

Preliminary trials indicated that extraction of QAC with tetrachloroethane 
from milk was most complete at pH levels below 5.0, and thus a number of 
buffers were tested for effect on rate of extraction at a level of pH 4.5. Sodium 
acetate, sodium lactate, and sodium citrate yielded from 50 to 80 per cent ex- 
traction, but results were erratic. Sodium citrate extracted 60 per cent of the 
QAC at pH 3.0 and 75 per cent at pH 4.0 and 4.9. There was some indication 
that addition of sodium chloride to the solution increased extraction, but results 
were somewhat variable. 

Addition of various acids to milk-tetrachloroethane mixtures then was tried 
to increase rate of extraction. They included acetic, citric, lactic, and sulfuric 
acid in various concentrations. The degree of extraction inereased with in- 
creased concentration of acetic, citric, and sulfuric acid up to about 75 to 80 
per cent extraction of the total QAC present in the milk. Lactie acid additions 
produced the same response but provided essentially 100 per cent extraction 
when 2 ml. or more of 50-per cent lactic acid were added to 5 ml. of milk plus 
5 ml. of tetrachloroethane. The pH of the mixture containing 2 ml. of 50-per 
cent lactic acid averaged 2.1. 

The degree of extraction of QAC with tetrachloroethane thus represented 
an improvement over the previous method (2) of adding eosin plus solvent and 
extracting an eosin-QAC precipitate which vielded a maximum of 75 per cent 
recovery. 

In order to facilitate separation of milk solids and solvent containing ex- 
tracted QAC it was believed necessary to adjust the mixture closer to the 
isoelectric point of casein. This was accomplished most easily by addition of 
2 ml. of 4.0 molar sodium hydroxide and produced a final average pH of 4.1. 
Sodium citrate and sodium lactate buffer and sodium chloride solution, how- 
ever, were used successfully instead of neutralizing with sodium hydroxide. The 
pH values of the aqueous layers with these methods of separation ranged from 
2.0 to 3.0. The chief advantage of the sodium hydroxide neutralization was 
that the resulting pH of the solvent was brought nearer to the optimum for 
final titration. 

Extraction was essentially complete with 15 seconds shaking, which indicated 
that 30 seconds shaking should be sufficient. Centrifugation for 5 minutes at 
3200 r.p.m. in a 10-inch centrifuge produced maximum separation of the solvent 
and milk layers following extraction by shaking. The packed curd layer then 
could be loosened easily and most of the solvent layer containing extracted 
QAC poured into or pipetted to a second tube. 

Titration of Extracted QAC with Standard Anionic Surface Active Agent. 
Various concentrations of eosin were tested for the indicator solution. It was 
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observed that when the concentration was too high, a pink color persisted in the 
absence of QAC. Detection of the end-point and sensitivity of the method were 
impaired when the concentration was too low. With this in mind a concentra- 
tion of 0.05 per cent eosin was selected for the indicator solution. Preliminary 
trials indicated that the pH of the solution affected titration value and con- 
sistency of results during titration. A procedure then was developed whereby 
QAC in tetrachloroethane was shaken with a small quantity of a water solution 
of eosin and a buffer to form a red eosin-QAC precipitate that could in turn be 
titrated to a colorless solution with anionic surface active agent. The problem at 
this step was to determine the most suitable buffer and pH level for titration. 
Sodium citrate buffer proved superior to sodium acetate and sodium lactate. 
A pH of less than 4.0 resulted in a dull, fading end-point; a pH higher than 
5.0 caused color development of eosin in the absence of QAC. The quantity of 
buffer required was not critical as long as it maintained the pH between 4.0 
and 5.0 during titration. 

Pure Aerosol OT solution (prepared from 100 per cent dioctyl sodium sulfo- 
succinate) provided a clear end-point and values close to the theoretical in the 
final titration of QAC with anionic surface active agent. 

In the final step of the milk procedure a 2-ml. aliquot of tetrachloroethane 
containing the QAC was titrated. The titration value obtained was considered 
to represent the QAC originally present in 2 ml. of milk sample. It thus was 
assumed that the QAC was evenly distributed throughout the 5 ml. of tetra- 
chloroethane originally added to the 5 ml. of milk and subsequently separated 
by centrifugation. Additional extractions and separations to remove the re- 
mainder of the tetrachloroethane from the milk showed in the case of QAC B 
that practically 100 per cent of the QAC was extracted by the tetrachloroethane 
in the test and it apparently was evenly distributed throughout the 5 ml. of 
solvent added to the 5 ml. of milk. 

Quaternary Ammonium Compounds Tested. The following molecular weights 
were used in the theoretical calculations: Dioety] sodium sulfosuecinate (Aerosol 
OT) 444, alkyl dimethyl ethyl benzyl ammonium chloride (QAC A) 374, alkyl 
dimethyl benzyl ammonium chloride (QAC B) 340, para diisobutyl phenoxy 
ethoxy ethyl dimethyl benzyl ammonium chloride (QAC C) 448, and methyl 
dodeeyl benzyl trimethyl ammonium chloride (QAC D) 368. Preparations of 
QACs were of the highest purity obtainable from manufacturers. 

The argentimetric method described by Kolthoff and Sandell (1) was em- 
ployed for adjusting and testing standardized QAC solutions. Water solutions 
of QAC of approximately 0.05 N were prepared and titrated with silver nitrate, 
using dichlorofluorescein as indicator. 

Milk and water samples containing 100 p.p.m. QAC were prepared by dilution 
of the 0.05 N (about 20,000 p.p.m.) QAC water solutions with whole milk or 
distilled water respectively. Lower concentrations were prepared by dilution 
of the 100 p.p.m. QAC solutions. The milk samples thus prepared contained 
99.5 per cent or more milk. 
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RESULTS AND DISCUSSION 


Table 1 contains data obtained by the test method on unknown milk and 
water samples of the QACs tested. In Figures 1 to 4 these titration values are 
plotted for comparison and a line drawn to represent the titration values ex- 
pected from theoretical calculations. These titration values represent the QAC 
present in 2 ml. of sample. Standard deviation of titration values was calculated 
according to the method outlined by Kolthoff and Sandell (1) for small numbers 
of samples. 

Figures 1 to 4, with the exception of the values of the milk method for QAC D 
of Figure 4, show that within the range of QAC concentrations studied, the 
quantity of anionic solution required is essentially a linear function of the 
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Fig. 1 Comparison of theoretical and actual titration values of QAC A in water solution 
and in milk, 


QAC concentration of the sample. This indicates a stoichiometric reaction be- 
tween QAC and the anionic surface active agent. The theoretical titration 
values were calculated on the basis of a 1:1 mole ratio of the reactants and in 
general are in satisfactory agreement with the actual titration values obtained 
by the method. 
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Fig. 2. Comparison of theoretical and actual titration values of QAC B in water solution 
and in milk. 


The method for water samples involves the direct titration of the sample, 
and therefore the titration value obtained should represent the entire QAC 
present in the sample. In the milk method the QAC is first extracted from the 
milk sample and then titrated under conditiens similar to those of the water 
method. The efficiency of extraction of QAC from milk by the milk method 
then ean be determined by comparison of the titration values obtained by the 
two methods. Figures 1 to 3 show that extraction of QACs A, B, and C from 
milk by the method is 95 to 100 per cent efficient. Figure 4 shows that efficiency 


TABLE 2 
Quantity of anionic solution required for direct water titration of low concentrations of QAC 


Quantity of 0.01 per cent 


Coneentration anionie solution required 
of QAC B for 10 ml. sample 
(p.p.m.) 
0.1 
0.2 0.03 
0.5 0.07 
1.0 0.14 
2.0 0.28 


“ Distinguishable from blank. 
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of extraction of QAC D from milk decreases to about 65 per cent with increasing 
concentration of QAC to 100 p.p.m. The reason for this difference has not been 
established. 

At lower concentrations the intensity of the pink to red color due to the 
QAC-eosin combination in the solvent is roughly proportional to the QAC pres- 
ent. Samples containing 1 p.p.m. QAC develop a faint pink color, which have 
been found to be consistently distinguishable from blank samples. 

The sensitivity of the method may be increased by increasing the sample 
size as described above in the procedure. The data of Table 2 show that the 
sensitivity of the water method may be increased five fold by a five fold in- 
erease in sample size. The titration values thus obtained are linearly related 
to QAC concentration and are five times the values listed in Table 1 for QAC B 
obtained by the method employing a 1:1 ratio of sample to solvent. 

If difficulty with titration of samples containing more than 100 p.p.m. QAC 
is encountered, the sample may be diluted, or a smaller aliquot or a more con- 
centrated anionic solution may be employed. 

The consistency of the method is indicated by the relatively small standard 
deviations listed in Table 1. The titration values for an individual QAC are 
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Fig. 3. Comparison of theoretical and actual titration values of QAC C in water solution 


and in milk. 
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the average of triplicate samples prepared from the same milk source. Different 
milk sources were used for the different QACs, however, and it is possible that 
greater deviations than those listed in Table 1 may be obtained with milk 
samples from different sources. Studies were limited largely to whole milk, 
and the results presented here represent this product. Homogenized milk, nonfat 
milk, and milk of high fat content may yield different rates of extraction and 
titration values than whole milk. 

The water method has been applied to the determination of QAC in detergent 
sanitizers and has proved useful in determining the amount of absorption of QAC 
by suspensions of bacteria in studies on the effect of QAC on different micro- 
organisms. It also has been employed in studies on adsorption of QAC on milk 
equipment surfaces and subsequent removal by milk and water rinses. 

The equipment and materials required for the procedure are standard items 


© WATER SAMPLE 
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Fig. 4. Comparison of theoretical and actual titration values of QAC D in water solution 
and in milk. 


fe) 


and should be accessible for most laboratories. The manipulations involved are 
simple, and the analyst with a little practice can run a series of determinations 
with an average time per determination of 10 minutes, or less. Further develop- 
ment of the method involving the use of the spectrophotometer and larger sample 
size may produce greater rapidity and sensitivity of the test. 
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SUMMARY 


Methods are presented for the determination of QACs in water and in milk 
by titration with standard anionic surface active agent using eosin as indicator. 
The water method is a direct titration of the sample, whereas the milk method 
includes an additional step involving extraction of the QAC from the milk. 

The methods cover a sample concentration range of 1 to 100 p.p.m. QAC. The 
sensitivity of the methods may be increased by increasing the sample size, and 
a modification of the method for QAC in water solution is presented that per- 
mits a five fold increase in sensitivity. 

The quantity of anionic reagent required in the titration is directly propor- 
tional to the QAC concentration of the sample. Titration values obtained by 
the water method and the milk method agree closely, with the exception of one 
compound, which indicates essentially 100 per cent extraction of QAC from 
milk by the milk method. The quantity of anionic reagent required agrees with 
that expected on the assumption of a reaction involving a 1:1 mole ratio of 
QAC to anionic surface active agent. 
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EFFECT OF INITIAL LEVEL AND RATE OF INCREASE OF 
ARTIFICIALLY DEHYDRATED ALFALFA IN COMPLETE 
RATIONS ON GROWTH AND CAROTENE INTAKE 
OF HOLSTEIN DAIRY CALVES ' 
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AND 
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Artificially dehydrated alfalfa pellets have been found to be an excellent 
source of roughage and carotene for the young dairy calf (5, 6). Inelusion of 
25, 50, and 75 per cent artificially dehydrated alfalfa meal in complete rations 
fed to the dairy calf resulted in growth rates which were inversely related to 
the level of dehydrated alfalfa included in the ration (3). Since the newborn 
calf’s capacity to handle roughage appears to be limited because of its relatively 
undeveloped rumen (13), an investigation of initial amounts and rates of in- 
crease of roughage included in the calf’s ration was needed. A preliminary 
study (4) showed that Holstein calves at nine weeks of age exhibited no ap- 
preciable or consistent ability to select alfalfa or starter pellets when fed 
mixtures containing 10 and 40 per cent alfalfa pellets, or beginning with these 
levels and increasing to 43 and 83 per cent. Therefore a study which utilized 
alfalfa pellets and starter pellets was undertaken to investigate the effect of 
initial level and rate of increase of artificially dehydrated alfalfa in complete 
rations on the growth and carotene intake of Holstein calves. 


EXPERIMENTAL 


Animals and rations. Thirty-six male Holstein calves from the University, 
Mansfield State Training School and Hospital, and Osborn Prison Farm herds 
were obtained during the months of November and December, 1951, and January 
and February, 1952. The calves were separated from their dams shortly after 
birth and transported to the University research barn. There they were placed 
in individual tie-stalls in a separate portion of the barn, in which the tempera- 
ture was maintained at a minimum of 10° C. 
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A randomized block design was used in which there were four initial levels 
of alfalfa and the amount of alfalfa in each of these initial mixtures was in- 
creased at three different rates, thus making a total of twelve experimental 
treatments (Table 1). The initial levels and rates of increase of the artificially 
dehydrated alfalfa, which were chosen so as to provide a range sufficiently 
wide to insure possible differences in gain in weight and to insure adequate 
carotene intake, were based on previous experience (3, 4, 5, 6). 


TABLE 1 
Percentages of alfalfa pellets to starter pellets fed during each calf’s experimental weeks. 


Initial Levels of Alfalfa Fed 


Age 10% 15% 20% 25% 

of 

Calf Weekly Rates of Increase * 

1.0000 1.1747 1.3494 1.0000 1.1747 1.3494 1.0000 1.1747 1.3494 1.0000 1.1747 1.3494 

7-14 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0 | 25.0 25.0 25.0 
15-21 10.0 11.6 13.0 15.0 17.2 19.2 20.0 22.7 25.2 25.0 28.1 31.0 
23-28 10.0 13.3 16.8 15.0 19.6 24.3 20.0 25.6 31.3 25.0 31.5 37.8 
29-35 10.0 15.3 21.4 15.0 22.3 30.2 20.0 28.8 38.0 25.0 35.1 45.0 
36-42 10.0 17.5 26.9 15.0 25.2 36.9 20.0 32:3 $513 25.0 38.8 52.5 
3-49 10.0 19.9 33.2 15.0 28.3 44.1 20.0 35.9 52.8 25.0 42.7 59.9 
50-556 10.0 2°.6 40.1 15.0 31.7 51.6 20.0 39.6 60.1 25.0 46.7 66.8 
57-63 10.0 25.6 47.5 15.0 35.3 59.0 20.0 43.6 67.0 25.0 50.7 73.1 
64-70 10.0 28.8 55.0 15.0 39.1 66.0 20.0 47.5 73:3 25.0 54.7 78.6 
71-77 10.0 32.3 62.2 15.0 43.0 72: 20.0 51.6 78.7 25.0 58.7 83.2 
78-84 10.0 35.8 69.0 15.0 47.0 77.9 20.0 55.6 83.3 25.0 62.5 87.0 
85-01 10.0 39.5 75.0 15.0 51.0 82.6 20.0 59.5 87.1 25.0 66.2 90.0 


“ Parts starter held constant, parts alfalfa increased at the indicated rate of increase. 


Calculations of the percentages of alfalfa pellets to be included in the rations 
were made on the basis of ratios; that is, the parts of starter were held constant 
and the parts of alfalfa increased at the indicated rate. For example, in the case 
of the calves fed initially 10 per cent alfalfa (204 parts alfalfa to 2040 parts 
starter) to be increased weekly at the rate of 1.1747 (Table 1), the initial parts 
alfalfa, 204, were multiplied by the rate of increase (1.1747) to give 240 parts 
alfalfa to 2040 parts starter, or 11.6 per cent alfalfa, to be fed the second week. 
For the third week the 240 parts alfalfa were multiplied again by the rate of 
increase to give 282 parts. This was expressed as 13.3 per cent alfalfa, and 
so forth. 

The first 12 calves obtained were assigned at random to each of the treat- 
ments. This procedure was repeated until three replicates were obtained. 

The artificially dehydrated alfalfa pellets were produced and _ processed 
during October, 1951, in the area previously described (5, 6). Samples taken 
at 28-day intervals during the course of the experiment indicated an average 
dry matter content of 93.38 + 0.34 per cent. The percentage composition of 
this dry matter was 24.13 + 0.48 erude protein, 3.97 + 0.48 ether extract, 
20.95 + 0.28 crude fiber, 38.93 + 0.83 nitrogen-free extract, and 12.02 + 0.44 
ash. The milligrams of carotene per pound of dry matter were 72.64 + 8.00. 
The pellets, cylindrical in shape, measured 0.70 + 0.00 em. in diameter and 
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0.76 + 0.01 em. in length. A 200-g. sample of these pellets, after being com- 
pletely covered with water in an evaporating dish, dried in an oven at 100° C., 
and allowed to come to constant weight at room temperature, was passed 
through a series of U.S. standard sieves to estimate particle size. Of this sample, 
0.86 per cent was retained by sieve No. 12, 60.60 per cent by No. 40, 20.62 per 
eent by No. 60, 7.66 per cent by No. 80, 2.82 per cent by No. 100, and 7.44 
per cent passed through all sieves. 

The starter pellets composed of standard ingredients used in calf studies 
at this station * measured 0.61 + 0.00 em. in diameter and 0.64 + 0.01 em. in 
length. They contained on the average 91.79 + 0.31 per cent dry matter, of 
which 22.63 + 0.16 per cent was crude protein, 3.45 + 0.16 per cent ether ex- 
tract, 7.11 + 0.28 per cent crude fiber, 59.74 + 0.42 per cent nitrogen-free 
extract, and 7.07 + 0.13 per cent ash. The carotene content per pound of dry 
matter was 0.44 + 0.18 me. 

The herd milk, produced by first-calf Holstein heifers fed U.S. No. 1 alfalfa 
hay, corn silage, and 13.6 per cent crude protein grain mixture, contained on 
the average 123 + 14 y of carotene and 114 + 16 y vitamin A per pound. 

Upon arrival at the experimental barn, the calves received during the 
first 24 hours after birth 8 lb. colostrum either from their dams or from a frozen 
colostrum bank. Thereafter herd milk was fed to the calves from 2 to 7 days 
of age at the rate of 9.0 per cent of Ragsdale’s weight standards for Holstein 
female calves at birth (12) adjusted to the 0.7 power of the actual weight for 
each calf upon arrival at the research barn. Corresponding values for 8 to 14, 
15 to 21, 22 to 28, and 29 to 35 days were 7.5, 6.0, 4.0, and 2.0 per cent. Water 
and the mixtures of alfalfa pellets and starter pellets were fed ad libitum from 
the eighth day through the 91s¢ day. From the 92nd through the 112th day, 
the calves were placed an a low-carotene ration to estimate vitamin A stores. 
This ration was identical in composition to and fed at a similar rate as that 
described previously (3, 6). 

Diarrhea, when accompanied by rectal temperatures of 103° F. or above, 
was treated with an initial intravenous injection of a 25-per cent solution of 
sulfamethazine at the rate of 26.3 ml. per 100 Ib. live weight and followed by oral 
administration of sulfamethazine at the rate of 6.5 g. per 100 Ib. live weight 
daily for two additional days. Each ealf received orally, as a prophylaxis for 
diarrhea, 250 mg. crystalline aureomycin daily for the first three days at the 
research barn. 

Observations and analyses. Feed intakes and refusals were weighed to the 
nearest 0.1 lb. Live weights and venous blood samples for hemoglobin and 
plasma carotene and vitamin A determination were obtained on the seventh 
day of age for each calf and at successive 7-day intervals thereafter. In ad- 
dition, venous blood samples were obtained every second day from the 98th 


° The starter pellets contained per ton 509.5 lb. ground corn, 400 lb. ground oats, 300 Ib. 
wheat bran, 140 Ib. linseed oil meal (expeller process), 280 lb. soybean oil meal (expeller 
process), 140 lb. dried skimmilk, 40 Ib. B-Y 500-potency dried fermentation solubles, 0.5 Ib. 
irradiated yeast (Standard Brands type 9-F), 20 lb. bone meal, 20 Ib. iodized salt, and 150 Ib. 
eane molasses. 
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through the 112th day of age for estimation of vitamin A stores. Height at 
withers, heart girth, and girth of paunch were taken to the nearest 0.25 in. at 
7 days of age and at suecessive 14-day intervals through the 91st day of age. 

Treatment of blood samples and analytical procedures were those employed 
previously (3). Standard mathematical (16) and statistical (1, 2) procedures 
were used. The data in Tables 2 and 3 are arithmetic means plus or minus 
their standard errors. 

The analysis of variance of the various criteria observed included variability 
among initial levels of alfalfa included in the ration and among rates of in- 
erease of alfalfa, as well as the interaction of these two main effects. In addition, 
trends among the two main effects were explored. The analysis was as follows: 


Source of Variation Degrees of freedom 
Initial levels of alfalfa 3 
Linear trend among initial levels 1 


Quadratic trend among initial levels 
Deviations from linear and quadratic trends 1 
Rates of increase of alfalfa 2 


Linear trend among rates of increase 


Deviation from linearity among rates of increase 1 
Ix R 6 
Replicates 2 
Error 22-1 
Total 35 


One degree of freedom was subtracted from the error degrees of freedom, be- 
cause one calf in the third replicate, fed the initial level of 25 per cent alfalfa 
and at the constant rate of 1.0000, was removed from the experiment. This 
ealf on the 81st day of age could not urinate, and upon autopsy urethral 
ealeuli were observed. 

In addition to the analysis of variance, it was found profitable to employ a 
regression to describe the various criteria measured (z) and the initial level 
(x) as well as the rate of increase (y) of the alfalfa included in the rations. 
Multiple regression equations which best represented the average response were 
derived by the method of least squares (2). Adjustment of the various criteria 
for initial observations by the method of covariance did not affect the resuits. 
Therefore the unadjusted observations are cited. 


RESULTS 


Feed. Calves consumed the greatest amount of alfalfa pellet-starter pellet 
mixtures when fed initial levels of alfalfa at 20 per cent and which were in- 
ereased at the weekly rate of 1.1747 (Table 2). The trend in this feed con- 
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sumption was quadratic (P < 0.10).° The average trend was best expressed by 
the following regression equation : 


Z, = -1879.1961 + 24.0004x — 0.6547x? + 2427.1956y — 998.9322" (P < 0.10), 


where z, represented the total alfalfa pellet-starter pellet mixtures consumed 
from 7 through 91 days of age; .r, the initial level of alfalfa incorporated in the 
mixtures, and y, the weekly rate of increase. The maximum feed consumed as 
determined by partial differentiation of the equation, first for initial level of 
alfalfa (x) and secondly for weekly rate of increase (y), occurred at 18.33 per 
cent and at 1.2149 rate of increase. 

Utilization of the dry matter consumed for increase in live weight (dry - 
matter efficiency) was found to decrease with an increase in the initial level of 
alfalfa included in the mixture (P < 0.01) and with the more rapid weekly 
rates of increase (P < 0.05). In contrast, utilization of calculated total digestible 
nutrients for increase in live weight (digestible energy efficiency) was found 
to be greatest in the calves fed initially 15 per cent alfalfa increased at a weekly 
rate of 1.1747. The relationship between digestible energy efficiency, 2., and 
initial level and rate of increase of alfalfa was expressed as: 

2, = —0.1484 + 0.0217x — 0.0006x? + 0.8302y —- 0.3365y* (P < 0.05) 
Maximum digestible energy efficiency was calculated to be at an initial level of 
alfalfa of 18.08 per cent and at a weekly rate of increase of 1.2336. 

The average intake of carotene per mean pound of live weight (Table 2) 
was found to be directly related to the initial level and to the rate of increase 
of the alfalfa included in the ration (P < 0.001). Calculation of the carotene 
intake for each calf by 7-day periods revealed that, on the average, calves 
received less than 30y of carotene per mean pound body weight (11) for 
0.4 + 0.1 week. A similar value for less than 60 y of carotene (9) was 1.1 + 0.1 
weeks. As the initial amount of alfalfa became greater, the number of weeks 
during which the carotene intake was less than 30 y and 60 y decreased (P < 0.05 
and P < 0.01, respectively). 

Storage of carotene at the termination of the 84-day alfalfa pellet-starter 
pellet feeding period was estimated (Table 2) by a method previously described 
(3). It was not significantly affected by the initial amount of alfalfa included 
in the rations but was directly related in a linear manner to the weekly rate of 
increase (P < 0.001). When the mean daily intake of carotene per mean pound 
of live weight was equalized between calves by covariance, there were no real 
differences found in storage of carotene. This indicated equivalent utilization 
of ingested carotene. 

Growth. Increases in live weight, height at withers, heart girth, and girth 
of paunch (Table 3) were greatest in the calves fed initially the 15 and 20 
per cent alfalfa pellet mixtures. The trend for these criteria with respect to 
initial level of alfalfa was parabolic (P < 0.05). When the three weekly rates 


° Probability level based on the analysis of variance (1). 
* Probability level based on the reduction in the sums of squares due to the five terms and 
was compared to the residual variability about this regression (2). 
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of increase of alfalfa were compared, no marked differences or trends were 
observed for height at withers, heart girth, or girth of paunch. The calves fed 
alfalfa at the 1.1747 rate of increase made greater increases (P < 0.10) in live 
weight than either the calves fed alfalfa at the constant amount or those on the 
1.3494 rate of increase. 

The increase in live weight, z,, was most adequately expressed as: z, = 
—625.0639 + 10.9489x — 0.3222x* + 1129.2857y — 477.8274y* (P < 0.05). Max- 
imum gain in live weight as calculated from this equation occurred at an initial 
level of alfalfa of 16.99 per cent and at a weekly rate of increase of 1.1817. In 
Figure 1 the initial levels of alfalfa (x) and the rates of increase of the alfalfa 
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Fig. 1. The combinations of initial levels of alfalfa and weekly rates of increase of alfalfa 
fed to Holstein male calves which will result in the indicated live weight increases from seven 
through 91 days of age. 


(y) are graphically presented in one plane with contour lines representing the 
combinations of the two independent variables, x and y, which would result in 
a specific increase in live weight as indicated on each contour line. 

Blood. Neither hemoglobin nor plasma vitamin A (Table 3) exhibited 
appreciable differences or trends with either initial quantity of alfalfa or 
weekly increase in alfalfa. In contrast plasma carotene was directly related to 
both of these variables (P < 0.01). When these plasma carotene values were 
adjusted for the mean daily carotene intake per mean lb. live weight, the differ- 
ences between initial levels were accounted for and the differences in rate of 
increase were reduced (P < 0.05). 

Health. Calves had on the average 2.1 + 0.4 days of diarrhea. Treatments per 
calf for diarrhea were 0.3 + 0.2. Expressing for each calf the per cent days free 
of diarrhea, transformation of these values to Are sin \/ % days free of scours, 
and subsequent analyses of the transformed variable indicated diarrhea was 
not affected by either initial level or rate of increase of alfalfa. Similar results 
were found upon analysis of the square roots of number of treatments per calf 
for diarrhea. 

Mild bloat was observed in eight of the 35 calves. Of these calves four were 
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observed to exhibit bloat for a single day, one for 2 days, one for 4 days, one for 
7 days, and one for 10 days. Analysis of these data as for diarrhea showed no 
treatment differences. 

DISCUSSION 


These data indicate, that for the young Holstein calf, there is an optimum 
initial level of artificially dehydrated alfalfa to include in the ration as well as 
an optimum weekly rate of increase. For example, maximum increase in live 
weight was found when the ration initially contained 17 per cent alfalfa and 
was increased at a weekly rate of 1.1817. This would mean the following per- 
centages of alfalfa to include in the calf’s ration by weeks from the second 
week of age through the thirteenth week: 17, 19, 22, 25, 28, 32, 36, 40, 44, 48, 
52, and 56. Similar percentages of alfalfa may be derived for TDN efficiency 
by utilizing the maximum values determined for this criterion. It was recog- 
nized that some deviation from these percentages would be necessary dependent 
upon the roughage used in the ration, system of feeding or management, breed 
of calf and other factors. These factors are in need of further study. 

The levels of roughage included in the rations which resulted in maximum 
performance of the ealf or utilization of TDN are considerably less than those 
reported by the Ohio workers (7, 8) for cud inoculated calves. Since no cud 
inoculations were used in this experiment, this might possibly explain the dif- 
ference in results. 

Based on the Moore et al. (11) daily requirement of 30 y carotene/Ib. live 
weight for Holstein calves, the systems of feeding used in this study provided 
ample carotene except for the second week of the calf’s life. In the case of the 
National Research Couneil’s standard (9) in which the requirement is 60 y 
carotene, the length of time a calf received an inadequate intake of carotene 
was 1.1 weeks. It would appear from this that unless ample colostrum of high 
vitamin A potency is allowed the new born calif, an extra source of vitamin A 
or carotene should be provided to prevent the deficit of carotene and/or vitamin 
A intake under limited whole milk feeding systems. 


SUMMARY 


Thirty-six, 7-day old male Holstein calves were fed ad libitum mixtures of 
alfalfa pellets and starter pellets and limited whole milk to 91 days of age. The 
mixtures of alfalfa pellets and starter pellets fed contained four initial levels 
of alfalfa 10, 15, 20, and 25 per cent; for each of these initial levels the parts 
of alfalfa were increased weekly, at the rate of 1.0000, 1.1747, or 1.3494, while 
the parts of starter were held at their initial levels. 

Maximum feed consumption was calculated to oecur at an initial level of 
18.33 per cent and at 1.2149 rate of increase. Dry matter efficiency was found to 
decrease with the two variables, but total digestible nutrient utilization was 
maximum at an 18.08 per cent initial level of alfalfa, increased at a weekly 
rate of 1.2336. 

Average carotene intake per mean pound of body weight was found to be 
directly related to the initial level and to the rate of increase of alfalfa in the 
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ration. There was no apparent difference in the utilization of carotene ingested 
as evidenced by predicted vitamin A stores equalized for carotene intake per 
mean pound of body weight. 

Increases in live weight, height at withers, heart girth, and girth of paunch 
were greatest for the calves fed initially the 15 and 20 per cent alfalfa pellet mix- 
tures. With the exception of live weight, which was maximum for the calves fed at 
the 1.1747 rate of inerease, none of these criteria were related to the rate of 
increase. Maximum gain in live weight was calculated to be at an initial level 
of 16.99 per cent and at the weekly rate of increase of 1.1817. 

Neither hemoglobin nor plasma vitamin A exhibited appreciable differences 
nor trends with either initial level or rate of increase of alfalfa, but plasma 
carotene was directly related to both variables. Adjustment for mean carotene 
intake per mean pound of body weight indicated that plasma carotene largely 
reflected carotene intake. Calves had on the average 2.1 + 0.4 days of diarrhea, 
and 8 of the 35 ealves had mild cases of bloat. Neither of these criteria was 
found to be related to any of the treatments. 
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THE EFFECT OF THIOURACIL FEEDING UPON THE SEMINAL 
CHARACTERISTICS OF DAIRY BULLS * 


E. W. SWANSON anv J. P. BOATMAN 


University of Tennessee, Knoxville 


The influence of the activity of the thyroid gland upon the function of the 
testes of the bull is of considerable practical importance because of the ease 
with which thyroid changes may be produced by feeding thyroxine or thiouracil 
(2). Some favorable results following thyroxine feeding to mature bulls have 
been reported (10, 11). However, there is little evidence that abnormal thyroid 
function in the bull is responsible for gross changes in seminal characteristics 
which frequently accompany fertility problems. The observations of Petersen 
et al. (9) and Spielman ef al. (12) with a bull which was thyroidectomized at 
15 months of age indicated that spermatogenesis was not stopped and that semen 
which was collected by massage was normal and fertile more than 12 months 
following thyroidectomy. The bull had no libido unless stimulated by either 
thyroxine, testosterone, or dinitrophenol. These observations are in contrast 
to those with other mammals (3, 5, 6, 7) in which thyroidectomy or prolonged 
thiouracil treatment resulted in atrophy and degeneration of the semeniferous 
tubules, as well as indications of lessened secretion by the seminal vesicles. 
Bogart and Mayer (3) showed that summer infertility of rams could be partially 
reversed by proper administration of thyroprotein. They also were able to 
produce summer infertility symptoms in normal rams by feeding or injecting 
thiouracil; so this condition was believed to be due largely to the state of the 
thvroid gland in rams as it is affeeted by temperature. Recent reports by John- 
ston and Branton (4) of the seasonal semen variations of bulls in Louisiana 
indicate that a similar effect may be produced in bulls under prolonged severe 
summer conditions. Since semen of bulls used in artificial insemination can be 
examined regularly, it seemed important to determine what characteristics, if 
any, might be indicative of lowered thyroid function in the bull in order that 
such bulls might be selected for thyroid therapy. 


EXPERIMENTAL 


Animals. Three purebred Jersey bulls from the University of Tennessee 
herd were used in the investigation. Two of the bulls were young, being 22 
months old at the beginning of semen collections just before the start of the 
experiment. The other bull was a 7-year old which had been in the herd since 
birth and from which regular semen examinations had been made for 4+ years 
prior to the experiment. These bulls were normal, were of proven good fertility, 
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and were producing good quality semen. Two other Jersey bulls were used for 
control samples. 

Plan of treatment. It was originally planned to produce a mild hypo- 
thyroidism in the two young bulls by feeding 2.5 g. of thiouracil in the ration 
twice daily and to observe the effects of this treatment. However, after three 
months the sexual activity and semen characteristics were unchanged. Analysis 
of the blood for thiouracil (8) during the day showed that measurable amounts 
were not found more than 7 hours after feeding. The dose of thiouracil then 
was increased at weekly intervals to 8, 15, 25, and 30 g. per day. Measurable 
amounts of thiouracil were found in the blood throughout the day at levels of 
15 g. and above. After 1 month at levels above 15 g. it was necessary to dis- 
continue the trial because of insufficient thiouracil. After another supply was 
secured, the aged bull was fed thiouracil at the rate of 20 g. per day with the 
expectation of continuing the treatment until definite results were obtained. 
The larger amounts of thiouracil made the ration unpalatable, and it was 
necessary to limit hay consumption to 6 Ib. daily and increase the grain ration 
accordingly to obtain satisfactory consumption of the grain plus thiouracil. 

Observations recorded. Semen was collected at weekly intervals. The young 
bulls were given an opportunity for two ejaculations at each collection period 
and two services were taken from the aged bull at about half of the collection 
periods. This is a routine that has been found to maintain uniformly high 
quality semen from bulls in the University of Tennessee dairy herd. At least 
1 hour before each collection period the young bulls were tied. Since both 
bulls had been trained for showing, this tended to quiet them. Then their heart 
rates were determined before the teaser cow was brought in for collection. 
Heart rates were not taken from the aged bull. Collection was made in a short 
artificial vagina with precautions to prevent cold shock. The semen was im- 
mediately taken to the laboratory where it was mixed promptly with yolk- 
citrate diluent, slowly cooled in a refrigerator and stored at 4 to 6° C. Motility 
was estimated in a stage incubator at 38° C. on the diluted semen before cooling 
and at daily intervals for 10 days on the stored semen. The volume of each 
ejaculate was recorded and concentration of spermatozoa determined with a 
hemacytometer. Eosin-nigrosin differential stains (13) were made from the 
undiluted semen for determination of the percentages of live and abnormal sperm. 

Observations were recorded on each bull for a 6-week period before treat- 
ment was started. The young bulls were fed thiouracil at 5.g. per day for 90 
days, followed by a 42-day period with the dose increased up to 30 g. per day. 
After a 5-week post-treatment period these bulls were slaughtered and their 
testes and thyroids were prepared for histological examination. The aged bull 
was fed thiouracil at 20 g. per day for 91 days. Following a post-treatment 
observation period of 90 days he was returned to the herd for regular service. 

In planning the experiment the possibility was considered that thiouracil 
in the seminal plasma might harm the sperm, or that a reduction of thyroxine 
in the semen could be counteracted by direct addition of thyroxine in minute 
amounts. Therefore, a comparison of livability and motility was made with 23 
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samples of semen from normal untreated Jersey bulls in which thiouracil was 
added to the diluted semen in concentrations of 0, 0.1, 0.3, 0.6, 1, 2, 5, 10, 50, 
and 100 mg. per 100 ml. Thyroxine was added to 91 samples of semen from the 
untreated bulls at 0.1 y per milliliter of diluted semen, and these were compared 
with the same samples and diluents without thyroxine. 

RESULTS 

Physical behavior. About 2 weeks after starting the thiouracil feeding, dif- 
ferences in physical appearance and behavior between treated and untreated 
bulls began to appear. At first there was some listlessness, less interest in eating, 
and less spontaneous activity. The treated bulls spent more time lying down or 
standing in their stalls than did the untreated bulls. They seemed more un- 
comfortable in cold, rainy, or windy weather. As the treatment progressed, 
the bulls beeame quite sluggish in activity and spent as much time as possible 
in the sunshine. They had to be driven into the barn at collection time. Their 
hair coats became rough and coarse and a distinet loss of pigment from the hair 
oeeurred, making the bulls appear grayish and aged. Libido remained satis- 
factory with all bulls throughout the experiment. Nene of them refused to 
serve at any collection period. Some delay occurred occasionally with the voung 
bulls serving at the breeding rack, but they would readily mount a cow 
or a bull when it was backed out of the rack. The aged bull served just as quickly 
during treatment as he did in periods before or after treatment. Recovery of 
normal physical appearance and behavior in the aged bull after treatment 
closely paralleled the semen variations. 

Semen production and sperm viability. A summary of the characteristies 
of the semen of each of the bulls in the various collection periods is presented in 
Table 1. 

The slight changes in semen characteristics of the young bulls, R and C, 


TABLE 1 
Semen characteristics of bulls before, during, and after feeding thiouracil 


_ Ay. Av. motility Av. 
Thiouracil Per- Ejae. Av. Av. initial abnormal 
fed/day iod _colleeted volume —concentr. live sperm 0 hr. 96hr. 192hr. sperm 
(g.) (Days) (No.) (ml.) (1000/mm.) (%) (%) (%) (%) (%) 
Bull R (2 yr. old) 
none 38 14 2.0 1748 75 65 35 14 7.4 
5 90 25 1.7 1546 82 70 35 12 4.9 
8 te 30 42 11 1.8 1751 86 73 44 15 4.6 
none 35 10 2.9 1404 86 76 37 6 7.5 
Bull C (2 yr. old) 
none 38 11 3.0 1172 77 65 35 16 9.5 
5 90 26 2.6 926 S4 64 33 15 9.5 
8 to 30 42 12 3.0 990 87 67 42 17 8.0 
none 35 9 2.9 1120 85 75 37 13 9.7 
Bull D (7 yr. old) 
none 40 11 2.5 1552 79 70 25 8 21.2 
20 28 6 4.0 1517 80 74 24 8 16.9 
20 28 5 4.1 1362 66 47 10 1 31.3 
none 43 7 3.9 846 53 26 6 2 48.7 
none 46 7 4.4 893 84 62 32 20 14.1 
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are not considered important. The percentage of live sperm remained high con- 
sistently throughout the experiment. Motility and livability of the sperm were 
satisfactory in all periods with no indication of a depressing effect due to the 
induced hypothyroidism. The percentage of abnormal sperm remained low in 
all periods. Semen volume and sperm concentration showed only slight and in- 
consistent variations during the treatment periods. 

Changes produced in the aged bull, D, however, were quite striking. There 
was a progressive decrease in percentage of live sperm beginning about 3 
weeks after the start of thiouracil feeding. At the same time, the motility de- 
creased, livability was seriously decreased, and the percentage of abnormal 
sperm increased. No single type of abnormal sperm was characteristic of this 
induced hypothyroid condition. The number of abnormal tails increased about 
four times, separated heads about three times, proximal protoplasmic droplets 
about five times, and abnormal heads about doubled. There was also an increase in 
the incidence of abnormal middle-pieces. The progressive nature of this effect 
is shown clearly in Figure 1, in which the values for live and abnormal sperm 
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Fig. 1. Progressive changes in live and abnormal sperm of each ejaculate from a 7-year-old 
bull before, during, and after feeding 20 g. daily of thiouracil for 90 days. 


for each ejaculate are plotted. Although recovery in these characteristics seemed 
to start the week after thiouracil was withdrawn, normal values were not reached 
until 7 weeks after treatment ceased. Even at this time the sperm concentration 
was still below normal for this bull, as shown in Table 1. There was an improve- 
ment in livability in comparison with the pretreatment period, indicating that 
a larger proportion of the sperm were in prime condition even though the con- 
centration was lower. 

Heart Rates. The two young bulls’ heart rates averaged 65 beats per minute 
in the pretreatment period, 63 during the 19 weeks of thiouracil feeding, and 61 
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during the 5-week post-treatment period. Since this experiment extended from 
December to July, these variations were more likely due to the effects of season 
or temperature than to the treatment. 

Treatment of Semen. The effect of adding thyroxine at the rate of 0.1 y per 
milliliter to 91 semen samples from bulls R and C was not significant as measured 
by motility during storage. A summary of these data is presented in Table 2. 
Apparently the thiouracil treatment produced no deficiency which could be 
corrected by adding thyroxine to the semen. 


TABLE 2 
The effect of adding thyrovine at 0.1 y per milliliter upon the motility during storage 
of semen from thiouracil-treated bulls (av. of 91 samples). 


Motility at designated hours of storage 


Semen 
Treatment 0 24 48 72 96 120 144 192 240 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 
None 70 63 55 46 38 30 25 15 9 
Thyroxine 70 63 55 46 39 30 24 13 7 
TABLE 3 


The effect of thiouracil upon diluted semen of normal bulls (av. of 23 samples) 


Motility at designated hours of storage 


Amount of 

Thiouracil 0 24 48 72 96 120 144 192 240 

(mg. %) (9%) (%) (%) (%) (%) (%) (%) (%) (%) 

None 76 70 57 47 38 32 25 15 9 
76 69 57 45 36 29 23 10 4 

10 76 68 53 43 31 26 20 10 5 

100 76 67 55 44 33 29 24 15 9 


When thiouracil was added to normal semen from untreated bulls there was 
only a very slight effect upon motility, as shown by the data in Table 3. This 
would indicate that the effects of treatment upon motility and livability of the 
sperm probably were not due to the thiouracil directly. 

Histological observations. The thyroids of the young bulls showed definite 
evidence of the treatment when they were slaughtered 34 days after the cessa- 
tion of thiouracil feeding. The weights of the treated bulls’ thyroids were 54 
and 59.4 g., which were nearly twice the weight of a normal Jersey bull’s thyroid, 
which was collected at the same time. The treated bulls’ thyroids had low 
epithelium and large follicles packed with colloid. This condition is the op- 
posite of the usual condition due to thiouracil treatment, but since treatment 
had ceased 34 days previously it was not unexpected. The testes of the two 
treated bulls were normal in cellular arrangement and activity when examined. 


DISCUSSION 


This experiment has shown that hypothyroidism can produce definite changes 
in the characteristics of the semen of certain aged bulls. The failure of thiouracil 
treatment to affect significantly the semen of the young bulls, although their 
outward physical appearance and behavior and their thyroid histology indicated 
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that they were hypothyroid, may be due to a difference in susceptibility of the 
testes or the pituitary of young and old animals to the hypothyroid condition. 
The failure of thyroidectomy to inhibit sperm production (9) in a young bull 
may have been due to this age difference. Another possible explanation for 
the differences observed in this experiment is that young animals have a higher 
metabolic rate than old animals. Hence the given level of thiouracil treatment 
may have been enough to counteract the thyroid in the old bull, but insufficient 
in the young bulls. It had been shown by Beeson et al. (1) that 4 g. per day of 
thiouracil produced optimum thyroid hyperplasia in steers. The failure of bulls 
in this experiment to retain thiouracil in the blood beyond 7 hours after feeding 
2.5 g. of thiouracil twice daily may be due to the higher metabolic rate found 
in bulls than in steers. 

Whatever the explanation may be, the detection of hypothyroidism in aged 
bulls may be more certain than in younger bulls because of the effects which 
may be produced in the semen. Although semen examinations were not made 
regularly by Reineke (10) in his study of thyroid therapy of bulls, improve- 
ment in conception rate was considered an indicator of improved sperma- 
togenesis. The average age of the bulls he treated was 8 vears, hence they were 
comparable to the aged bull used in this study. The evidence indicates that 
thyroid insufficiency may be a common trouble in certain aged bulls whose 
semen shows signs of impaired spermatogenesis. Further controlled experiments 
would be desirable to clarify the extent to which thyroxine feeding may cor- 
rect such a condition. 


SUMMARY 


Young bulls and one aged bull reacted differently to thiouracil-induced 
hypothyroidism. Physical symptoms of thyroid deficiency were produced in 
both the young and aged bull fed thiouracil. Changes in seminal characteristics 
were observed only in the aged bull, in which an increase in abnormal sperm 
and dead sperm, as well as a reduction in sperm motility, livability, and concen- 
tration occurred. Natural recovery followed about 6 weeks after thiouracil was 
withdrawn. It was shown that thiouracil did not have a harmful effect upon 
normal ejaculated sperm and that thyroxine did not stimulate motility and 
livability of sperm from the hypothyroid bulls. 
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ANTIBLOTICS IN RUMEN DIGESTION AND SYNTHESIS. IL. THE 
EFFECT OF AUREOMYCIN ON RUMEN DIGESTION AND THE 
PASSAGE OF NUTRIENTS FROM THE RUMEN DURING 
SPECIFIC INTERVALS AFTER FEEDING ' 


C. M. CHANCE,” * C. F. HUFFMAN, ann C. W. DUNCAN 
Departments of Dairy and Agricultural Chemistry, 
Michigan Agricultural Experiment Station, East Lansing 


Many investigators have shown that various antibiotics are beneficial in 
promoting growth, in reducing digestive disturbances, and in increasing feed 
efficiency in swine and poultry, but there are discordant reports in the literature 
concerning the efficiency of antibiotics in ruminant nutrition. 

An increase in growth was obtained in most cases when aureomyecin was 
included in the ration of young dairy calves (3, 8, 9, 11, 12, 18, 17), but several 
investigators (4, 6, 14) reported that aureomycin produced adverse effects when 
fed to steers and lambs. Loosli and Wallace (11) and Jacobson et al. (8) ob- 
served that feed consumption was greater when aureomycin was fed to calves, 
but less total digestible nutrients were required to make one pound of gain. 
Bell et al. (4) fed 0.6 g. of aureomyecin daily to vearling steers and observed 
a marked anorexia and diarrhea within 48 to 72 hours after feeding. A digestion 
trial showed that the ingestion of 0.2 g. of aureomycin daily apparently de- 
ereased the digestibility of dry matter by 15 per cent and crude fiber by 50 
per cent. Neumann ef al. (14) found that 2 mg. of aureomycin per pound of 
air-dried feed caused a severe reduction in the appetite of vearling beef heifers 
for a few days, but partial recovery was made and the daily gains were not 
significantly different from those obtained on the basal ration. Colby et al. (6) 
observed that fattening lambs fed 100 mg. of aureomycin daily went almost 
entirely off-feed and lost weight. Jordan and Bell (10) noted that fattening 
lambs receiving 6 to 12 mg. of aureomyein daily made faster and more efficient 
gains than the controls. 

In view of the conflicting reports in the literature concerning the effect of 
aureomycin in ruminant nutrition, feeding experiments were conducted to 
ascertain the influence of aureomycin on rumen digestion and the synthesis 
of certain nutrients in the rumen of 2-year old steers and to observe also the 
effect of this antibiotic on the bacterial population in the rumen and feces. The 
present paper is the first of a series and is primarily concerned with the effect 
of aureomycin on rumen digestion and the rate of passage of certain nutrients 
from the rumen. 
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EXPERIMENTAL 


A 2-year old Guernsey (707) and a 2-year old Holstein (714), each of which 
was fitted with a plastic rumen fistula plug, were used in the investigation. 
The plugs were removed easily when samples of rumen contents were desired. 

The steers received the total ration of 4 lb. of corn and 15 lb. of hay onee 
daily. The chemical composition of these feeds is shown in Table 1. The animals 


TABLE 1 


Chemical composition of the corn and alfalfa-brome hay 
used in the ratio, of steers fed aureomycin * 


Nitrogen- 
Dry Crude Crude Ether free 
matter protein fiber extract extract 
(%) (%) (%) (%) (%) 
Corn 87.8 9.9 3.1 4.36 80.3 
Alfalfa- 
brome hay 89.7 14.2 34.4 1.84 43.5 


* All constituents of the dry matter are expressed on the moisture-free basis. 


consumed the corn in about 10 minutes and the hay in about 3 hours. Water 
was available in a drinking cup. Crystalline aureomycin-HCl was fed at the 
rate of 0.5 g. per day for 15 days and then increased to 1.0 g. per day for the 
next 15 days. The aureomycin was mixed with the corn before feeding. 

At the completion of each 15-day period, the rumen was completely emptied 
of all solid and liquid material three times in 12 hours. The solid material was 
removed by hand, and the liquid portion was removed with a small beaker. The 
contents were weighed and thoroughly mixed, and a 500-g. aliquot was taken 
for chemical analysis. The remaining contents were replaced immediately in 
the rumen. The contents that were removed before feeding are designated as 
0-hour samples, and those collected after feeding are called 6- and 12-hour 
samples. Samples taken for chemical analysis were dried in a forced hot air 
oven at 60° C., ground to pass a 20-mesh sieve, and stored in brown glass con- 
tainers until analyzed. The standard procedures outlined in the A.O.A.C. (2) 
for feed analysis were followed for determination of moisture, total nitrogen, 
erude fiber, and ether extract. 


RESULTS 


The steers did not show any signs of digestive disturbances at any time 
and continued to gain in weight throughout the entire experiment, even though 
the ration was fed only at approximately the maintenance level. The addition 
of aureomycin at either the 0.5- or 1.0-g. level did not cause a decrease in 
appetite in any case. 

The data pertaining to the total weights of the rumen contents at the 0-, 6-, 
and 12-hour collections, and the percentages of dry matter, crude protein, crude 
fiber, ether extract, and nitrogen-free extract, and the pH are presented in Table 2. 
The data are arranged by the hour of collection for each level of aureomycin fed 
so that comparisons could be made on the influence of aureomycin on the dif- 


ANTIBIOTICS IN RUMEN DIGESTION 255 


ferent ration constituents. Because the ration was high in each constituent 
under consideration, and since it took the steers several hours to consume the 
ration, the values obtained at the 6-hour collections were usually higher than 
those obtained at the 0- or 12-hour collections. 

With the aid of the data presented in Tables 1 and 2, the percentage of each 
constituent removed from the rumen over a particular 6- or 12-hour period was 


TABLE 2 
Weight and composition of the rumen contents from steers fed aureomycin 
Aureo- Wt. of 
mycin rumen Dry Crude Crude Ether 
Time intake contents matter protein * fiber * extract * NFE* 
(hr.) (g.) (kg.) (%) (%) (%) (%) (%) 
Steer 707 

0 0 40.86 11.9 12.9 40.8 1.74 34.6 

0 05 41.77 1433 10.6 42.6 3.28 33.4 

0 1.0 52.21 11.9 10.9 42.0 3.54 33.6 

6 0 60.38 14.1 15.6 36.9 3.46 35.1 

6 0.5 59.02 12. 14.0 38.0 4.28 35.1 

6 1.0 66.51 14.1 14.3 37.0 4.25 35.2 
12 0 55.84 12.9 14.5 38.4 2.98 34.4 
12 0.5 47.22 12.2 13.4 39.9 3.08 33.6 
12 1.0 60.61 12.7 13.0 39.6 3.82 33.8 

Steer 714 

0 0 46.31 11.9 12.9 39.1 pg | 36.5 

0 0.5 48.35 13.0 12.5 42.9 2.83 33.1 

0 1.0 51.30 14.4 11.4 43.6 3.24 33.0 

6 0 63.33 16.1 16.0 34.6 3.55 37.7 

6 0.5 67.87 15.3 13.9 38.7 5.83 32.8 

6 1.0 75.82 16.3 14.0 40.2 3.94 33.9 

2 0 54.03 15.9 16.2 37.1 3.51 35.0 
12 0.5 59.47 14.7 14.4 40.4 4.06 33.0 
12 1.0 62.88 15.4 13.5 40.8 3.51 33.7 


* On dry matter basis. 


ealeulated. Table 3 shows the amount of dry matter, crude fiber, crude protein, 
ether extract, and nitrogen-free extract which had been removed from the 
rumen at these times in relation to the amount present before feeding. Cal- 
culations of the rates of disappearance of the ration constituents at the 6- and 
12-hour collections were based on the intake of the particular constituent in 
question. This is possible if the assumption is made that the amount present 
in the rumen before feeding is approximately the same each day. Calculations 
were made also for the second 6-hour periods and are designated as the 6-12-hour 
samples. In the latter case the amount present at the 6-hour collection was 
used as the base to calculate the change between the 6- and 12-hour collection. 
In nearly every case the rate of removal of a ration constituent from the rumen 
was definitely faster when aureomycin was included in the ration than when no 
aureomycin was fed, especially at the 0.5-g. level. Ether extract was the only 
exception, and in that case there was an accumulation during the first 6-hour 
period. The amount of ether extract present in the rumen before feeding was 
much larger when the aureomycin was fed at the 1.0-g. level. 
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DISCUSSION 
It is very difficult to measure the rate of passage of the various constituents 
from the rumen because of the complications introduced by a continuously 
moving system. However, the amount of the various constituents present at 
each collection of rumen contents could be accounted for, whereas the part un- 
accounted for was assumed to have passed from the rumen either by absorption 
through the rumen wall, by being utilized by the microorganisms, or by passing 
into the remainder of the digestive tract. Phillipson (15), using sheep with 
TABLE 3 


Influence of aureomycin on the removal of dry matter, crude fiber, crude protein, ether extract, 
and nitrogen-free extract from the rumen of steers in 6 and 12 hours 


Samples 
0-Hr. 6-Hr. 12-Hr. 6 to 12-Hr. 
Aureo- 
mycin In tn In Re- 
Animal intake rumen Fel Total rumen Removed“ rumen Removed" moved ” 
(No.) (g.) (g.) (a.) (g.) (g.) (%) (g.) (%) (%) 
Dry matter 

707 0 4862 7704 12566 S514 52.6 7203 69.6 15.4 
0.5 4636 7704 12340 7555 62.1 5761 85.4 23.7 

1.0 6213 7704 13917 9378 58.0 T7697 SO.7 17.9 

714 0 5511 7704 13215 10196 39.2 8591 60.0 15.7 
0.5 6286 7704 13990 10384 46.8 8742 68.1 15.8 

1.0 7387 T7704 15091 2359 35.5 9684 70.2 21.6 

Crude fiber 

707 0 1984 2151 4135 3142 46.2 2766 63.6 12.0 
0.5 1975 2151 4126 2871 58.3 2299 84.9 19.9 

1.0 2609 2151 4760 3470 60.0 3048 79.6 12.2 

714 0 2155 2151 4306 3528 36.2 3187 92.0 9.7 
0.5 2697 2151 4848 4019 38.5 3532 61.2 12.1 

1.0 3221 2151 5372 4968 18.8 3951 66.1 20.5 

Crude protein 

707 0 627 1024 1651 1328 31.5 1044 59.3 21.4 
0.5 491 1024 1515 1058 44.6 772 72.6 27.0 

1.0 677 1024 1701 1341 35.2 1001 68.4 25.4 

714 0 711 1024 1735 1631 10.2 1392 33.5 14.7 
0.5 786 1024 1810 1443 35.8 1259 53.8 12.8 

1.0 842 1024 1866 1730 13.3 1307 54.6 24.5 

Ether extract 

707 0 85 162 247 295 —29.6 215 19.8 27.1 
0.5 152 162 314 323 — 5.6 277 84.6 45.2 

1.0 220 162 382 399 —10.5 294 54.3 26.3 

14 0 94 162 256 362 —65.4 302 —28.4 16.6 
0.5 178 162 340 605 —163.4 355 = — 9.3 41.3 

1.0 239 162 401 487 —53.1 340 37.7 30.2 

Nitrogen-free extract 

707 0 1682 3940 5622 2288 66.9 2478 79.8 17.1 
0.5 1548 3940 5488 2652 72.0 1936 90.2 27.0 

1.0 2088 3940 6028 3301 69.2 2602 87.0 21.2 

714 0 2012 3940 5952 3844 53.5 3007 74.7 21.8 
0.5 2081 3940 6021 3406 66.4 2885 79.6 15.3 

1.0 2438 3940 6378 4190 55.5 3264 79.0 22.1 


* Based on the amount ingested. 
» Based on the amount in the rumen at 6 hr. 
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duodenal cannulae, found from the quantities of digesta collected for 1.5-hour 
periods at different intervals throughout the day that no simple relationship 
existed between the total dry matter content of the feed and the rate of flow 
of digesta. 

The data in Table 3 indicate that there was a distinet difference between 
the two steers in the rate of removal of the various constituents from the rumen. 
The rate of removal from the rumen of steer 707 during the first 6 hours after 
feeding was considerably higher than that observed for steer 714, but the trend 
was the same. In most cases removal was faster when 0.5 g. of aureomycin was 
fed than when 1.0 g. was fed. When 1.0 &. was included in the ration, digestion 
was delayed during the first 6-hour period in steer 714, but during the second 
6-hour period an increased rate of removal was noted for dry matter, crude’ 
fiber, crude protein, and nitrogen-free extract. In steer 707 the ingestion of 
1.0 g. of aureomycin decreased the rate of removal of the ration constituents 
for both the first and second 6-hour periods to less than that observed when 
0.5 @. was fed, although the rate was appreciably greater than when no aureo- 
mycin was fed. A distinct difference in the consistency of the rumen contents 
in the two steers was noticed also; those from steer 707 were finer in texture 
and more completely macerated than those from steer 714. 

There was an apparent accumulation of dry matter, crude protein, and 
nitrogen-free extract (Table 3) in the rumen of both steers at 0-hour when 1.0 g. 
of aureomycin was fed. The weight of the rumen contents also was heavier at 
this time (Table 2), which was probably because of the accumulation of crude 
fiber in the dry matter. It is possible that the feeding of 1.0 g. of aureomycin 
per day increased the concentration of the antibiotic enough to cause a slight 
inhibitory effect on the exacting requirements of the cellulose-digesting bacteria ; 
consequently, some of the crude protein and nitrogen-free extract would be 
tied up temporarily by the cellulose so it could not be utilized by the bacteria 
or removed from the rumen. 

Several investigators have used animals with rumen fistulas to study the 
digestion of various nutrients in the rumen. Silver (18) studied the digestion 
and absorption of alfalfa by removing the rumen contents at the time of feed- 
ing and then taking ‘‘grab’’ samples at 2-hour intervals and comparing the 
percentage composition of the various samples as digestion progressed. Rath- 
now (16) used iron as an indicator and reported that 32.1, 48.5, and 58.8 per 
cent of dry matter passed from the rumen in 3, 6, and 9 hours after feeding. 
Hale et al. (7) used the lignin ratio technique to study quantitative digestion 
in the rumen. This method was useful in studying the rate of rumen digestion 
in relation to subsequent digestion in the remainder of the digestive tract. 
The rumen digestion coefficients obtained by Hale et al. for dry matter, crude 
fiber, crude protein, and nitrogen-free extract for the first 6-hour period after 
feeding were 22.1, 0, 33.3, and 45.1 per cent, respectively ; however, when the 
method of calculation used in this study was applied to their data, values of 
55.7, 46.1, 59.1, and 66.7 per cent, respectively, were obtained. Except for crude 
protein, these values are in good agreement with those obtained from steer 707 
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when no aureomycin was fed. Agrawala et al. (1) observed that approximately 
60 per cent of the dry matter disappeared within 6 hours from the rumen of 
ealves fed a purified ration and 55 per cent from calves fed a natural ration. 
Hale et al. (7) observed that rumen digestion was practically completed within 
12 to 14 hours after feeding, whereas in the present study only 70 to 80 per cent 
of the dry matter had passed from the rumen in 12 hours. 

The number of bacteria in the rumen increased when 0.5 g. of aureomycin 
was added to the ration. Since the most rapid removal of dry matter, crude 
fiber, crude protein, and nitrogen-free extract occurred at this level, the data 
indicate that aureomycin stimulated bacterial action in the rumen and may have 
caused a change in permeability of the rumen wall, which would facilitate faster 
absorption. The total bacterial count in the rumen was approximately the same 
when 0.5 and 1.0 g. of aureomycin were fed, but since there was a decrease in 
the amount of nutrients removed from the rumen wken 1.0 g. was fed, it is con- 
ceivable that the higher level of aureomycin may have inhibited some of the 
more exacting cellulose-digesting bacteria without affecting the total bacterial 
count. A further discussion of the bacteriological findings will be reported in 
a subsequent paper (5). 


SUMMARY 


Two rumen-fistulated steers were used in a study to ascertain the influence 
of aureomycin on rumen digestion and the rate of passage of certain nutrients 
from the rumen. Aureomycin was fed at the rate of 0.5 g. per day for 15 days 
and then 1.0 g. per day for the next 15 days. The period in which the steers 
received no aureomycin served as the control period. Neither of the steers 
showed signs of anorexia or diarrhea at any time during aureomycin supple- 
mentation. 

The rumen contents were completely evacuated, weighed, sampled, and re- 
placed in the rumen before feeding (0-hour) and again at 6 and 12 hours after 
feeding. The rate of removal of dry matter, crude fiber, crude protein and 
nitrogen-free extract was the highest when 0.5 g. of aureomycin was fed. There 
was an accumulation of dry matter, crude protein, and nitrogen-free extract 
in the rumen at the 0-hour period when 1.0 g. of aureomyein was included in 
the ration, which suggested that a slight depression in the digestibility of these 
constituents may have occurred. There was a definite accumulation of ether 
extract in the rumen at the 0-hour period when both levels of aureomycin were 
included in the ration. 


ACKNOWLEDGMENT 


The aureomycin used in these experiments was generously supplied by Lederle 
Laboratories Division, American Cyanamid Co., Pearl River, New York, through 
the courtesy of Dr. T. H. Jukes. The authors take this opportunity also to 
thank Dr. E. J. Benne for providing laboratory facilities and friendly advice 
throughout the course of this work. 


(14) 


ANTIBIOTICS IN RUMEN DIGESTION 959 


REFERENCES 

AGrawa a, I. P., Duncan, C. W., AND HurrMan, C. F. A Quantitative Study of Rumen 
Synthesis in the Bovine on Natural and Purified Rations. I. Protein, Dry Matter 
and Non-protein Nitrogen. J. Nutrition, 49: 29-39. 1953. 

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official and Tentative Methods of 
Analysis. 7th ed. Assoc. Offic. Agr. Chemists, Washington 4, D. C. 1950. 

Bart E. E., WuHearcrort, K. L., CLaypon, T. J., FouNTAINE, F. C., AND PARRISH, 
D. B. Effects of Feeding Aureomycin to Dairy Calves. J. Animal Sei., 10: 1036. 1951. 

M. C., Wuirenair, C. K., anp Gatitup, W. D. The Effeet of Aureomycin on 
Digestion in Steers. Proc. Soc. Exptl. Biol. Med., 76: 284-286. 1951. 


) CHance, C. M., Smitu, C. K., Hurrman, C. F., Anp Duncan, C. W. Unpublished data. 


1952. 

Cetpy, R. W., Rav, F. A., AND MILLER, J. C. The Effect of Various Antibiotics on 
Fattening Lambs. J. Animal Sci., 9: 652. 1950. 

Hats, E. B., Duncan, C. W., AND HurrMAn, C. F. Rumen Digestion Studies. II. Studies 
in the Chemistry of Rumen Digestion. J. Nutrition, 34: 747-758. 1947. 

Jacopson, N. L., Karretzakis, J. G., AND MurLEY, W. R. Response of ‘‘ Ruminating’’ 
Dairy Calves to Aureomycin Feeding. J. Animal Sci., 10: 1050-1051. 1951. 

Jacopson, N. L., KAFFETZAKIS, J. G., AND Homeyer, P. G. Effect of Aureomycin Sup- 
plementation on Changes in Weight and Body Measurements of Dairy Calves. J. Dairy 
Sei., 35: 493-494. 1952. 

JorDAN, R. M., AND BELL, T. D. Effect of Aureomyein on Growing and Fattening Lambs. 
J. Animal Sei., 10: 1051. 1951. 

Loosul, J. K., anpD WauuLace, H. D. Influence of Animal Protein Factor (APF) and 
Aureomyein on Growth of Dairy Calves. Proe. Soc. Exptl. Biol. Med., 75: 531-533. 
1950. 

J. K., WASSERMAN, R. H., anp GALL, L. S. Antibiotic Studies with Dairy Calves. 
J. Dairy Sei., 34: 500. 1951. 

Mur.ey, W. R., Jacopson, N. L., Wine, J. M., AaNp Sropparp, G. E. The Response to 
Aureomycin Supplementation of Young Dairy Calves Fed Various ‘‘ Practical’’ and 
Restricted Diets. J. Dairy Sci., 34: 500. 1951. 

NEUMANN, A. L., Snapp, R. R., AND GALL, L. S. The Long-time Effect of Feeding Aureo- 
mycin to Fattening Beef Cattle with Bacteriological Data. J. Animal Sei., 10: 1058- 
1059. 1951. 

PuHILuipson, A. T. A Method of Measuring the Flow of Digesta from the Stomach of 
the Sheep. J. Physiol., 107: 21P-22P. 1948. 

Ratunow, H. D. Uber das Verhalten des Eisens Nahrung wiihrend der Pansenverdauung 
des Sehafes. Inaug. Diss., Munich. 1938. (Cited from Nutrition Abstr. & Revs., 9: 
635. 1940.) 

Rusorr, L. L., Davis, A. V., AND ALForD, J. A. Growth-promoting Effect of Aureomycin 
on Young Calves Weaned from Milk at an Early Age. J. Nutrition, 45: 289-300. 1951. 

Sitver, E. A. Preparation of Feeds for Cattle as It Affects Digestibility and Absorption. 
Agr. Eng., 16: 257-259. 1935. 


(1) 
(2) 
(3) 
(4) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(15) 
(16) 
(17) 
(18) 


A SYSTEMATIC PROCEDURE FOR ESTIMATING BULL FERTILITY 
FROM NON-RETURN DATA! 


K. A. HUSTON,” * K. J. ARNOLD, E. E. HEIZER, anp N. D. BAYLEY 


University of Wisconsin, Madison 


Estimating the probable fertility levels of bulls is a difficult problem that 
faces managers of artificial insemination associations. There is a need for an 
accurate and rapid method of sampling the fertility of a bull. This sample 
should provide sufficient information upon which a decision may be based 
regarding the probable usefulness of a bull in artificial insemination. 

No laboratory evaluation has yet been effected which will accurately measure 
or predict semen quality and fertility(1). Thus, actual breeding results remain 
the most reliable measures of fertility in bulls. Non-return data are the stand- 
ard measures in most artificial insemination associations. The problem of 
selection of bulls for fertility becomes one of evaluating non-return information. 
It is clearly a statistical problem. The purpose of this investigation was to test 
the suitability of a particular statistical procedure for estimating bull fertility 
from non-return data. 

EXPERIMENTAL METHOD 


Of necessity, the statistical procedure would have to meet a number of prae- 
tical considerations to be of use in the field. First, the procedure should provide 
an estimate of the probable fertility of a bull at the completion of the testing 
period. It was hoped that the results from such a procedure would remain valid 
for a period of a year after the completion of the testing period. 

Second, the procedure should be a rapid one. Third, the procedure should 
utilize ‘‘grouped non-return data’’* as they are calculated in the field, thus 
necessitating little or no additional field calculation. Obviously, the third re- 
quirement would reduce somewhat the efticiency demanded by the second 
requirement. Lastly, the procedure should be simple to use; a procedure 
utilizing graphs would be desirable. 

Wald’s Sequential Analysis (5) meets all of these requirements, providing 
the assumption of random sampling of fertility estimates is met. Four criteria 
are needed to establish a sequential test for fertility. They are: (1) a level 
of fertility equal to or above which a bull would be acceptable for continued use in 
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‘Published with the approval of the Dircetor of the Wisconsin Agricultural Experiment 
Station. 

* The data are taken from a thesis submitted by this author in partial fulfillment of the 
requirements for the Doctor of Philosophy Degree, 1951. 

* Present Address: Dairy Department, Virginia Polytechnic Institute, Blacksburg, Va. 

‘The term ‘‘ grouped non-return data’’ as used here refers to the total number of cows 
inseminated with the semen of a particular bull during a standard period of time. These 
periods have been established by each association for routinely collecting such information. 
The term also ineludes the number of cows which failed to return for a second service after the 
elapse of a specified number of days or months after first insemination. 
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a particular stud, (2) a level of fertility equal to or below which a bull would not 
be acceptable for continued use in this stud, (3) a predetermined risk of de- 
ciding a bull is of acceptable fertility when he is actually of unacceptable 
fertility as measured by later data, and (4) a predetermined risk of deciding 
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Fig. 1. The Sequential Fertility Graph and an Illustration of Its Use. (Derived from the 
four basie criteria of Sequential Fertility Test No. 1.) 
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The use of the graph for evaluating non-return data from a bull is illustrated 
on the graph by the following example: A bull has been in service three months. 
The non-return results from these three months of service were as shown below. 
Should the bull be kept? 


Point Point 
No. of first services on graph No. of non-returns on graph 

First month 100 50 

Total to date 100 A 50 A’ No. Dee. 
Second month 176 105 

Total to date 276 B 155 B’ No. Dee. 
Third month 174 127 

Total to date 450 C 282 C’ Accept 


The first services for the first month are plotted on the horizontal axis and 
the non-returns to these first services on the vertical axis. Lines perpendicular 
to each axis are drawn from each of these points until they intersect. The de- 
cision (‘‘no decision’’ in the first month) is indicated at the intersection of the 
lines. Next, the combined totals of the first and second months’ services and 
returns are plotted (B and B’, respectively). Again, no decision is reached. 
Then, the totals of all three months’ first services and returns are plotted at C 
and C’. An acceptance decision has been reached. The chances are about 20 
to 1 that the bull will continue with a desirable fertility level for a year. 
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a bull is of unacceptable fertility when he is actually of acceptable fertility. 
These criteria must be selected by the management of artificial insemination 
units to fit their own conditions and needs. 

From these four criteria a simple fertility graph (see Figure 1) can be 
constructed from directions given in SRG Report 255 (revised) (4). An ex- 
ample of the use of the test is given in Figure 1. 

Data collected from ten artificial breeding associations located in six states 
were used to test the suitability of the sequential procedure. Monthly or weekly 
non-return information from individual bulls was copied from the stud record 
books. Information from one stud dates back as far as 1943. Information from 
two studs dates back to 1945, and the remainder of the information was taken 
from reeords starting in 1946 or later. 

The managers of the studs from which the data were gathered were asked 
to define the criteria for a test which would be suitable to their conditions. The 
managers of studs 1 and 10 expressed a preference for the criteria used in the 
testing of their bulls. The remainder of the stud managers either had no 
preference for particular criteria or preferred the criteria used in the basic 
test. The criteria of Sequential Fertility Test No. 1 had been selected previously 
as being generally suitable for selecting bulls. The criteria of this test were: 
for acceptance, 60 per cent non-returns on a 60-90 day basis; for rejection, 55 per 
cent non-returns on a 60-90 day basis; acceptable predetermined risk of making 
errors in acceptance decisions, 3 per cent; and predetermined risk of making er- 
rors in rejection decisions, 1 per cent. 

To test the correctness of the decisions resulting from the application of 
the above test or other tests, the decisions were compared to the non-return 
rate in the calendar vear following the completion of the test. If the non- 
return rate of the bull in this calendar year check period was in the rejection 
range (55 per cent or less) when the test indicated the bull was of acceptable 
fertility (60 per cent or greater), the original decision was held to be in error. 
If the non-return rate of the bull in the calendar check period was in the 
acceptance range (60 per cent or greater) when the test indicated the bull was 
of unacceptable fertility (55 per cent or less), this decision also was held to be 
in error. 

If semen samples from an individual bull represent random samples of 
that bull’s fertility, unaltered by the various environmental factors, the num- 
ber of errors observed in decisions based on these samples should be within 
the range of the error allowance of the test plus a small sampling error. If, 
however, the samples are greatly influenced by environmental conditions, the 
number of errors observed in decisions based on these samples will be greater 
than expected. The magnitude of the divergence from expectation will depend 
on the magnitude of the environmental variation. 


RESULTS 


Non-return information was available on 830 individual bulls. Of these, 
677 had sufficient information upon which a decision could be based. A smaller 
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portion, 512 bulls, were still in service during the calendar year following the 
completion of the test. Thus, a check upon the correctness of the decision 
reached previously was established. 
_ Three hundred and sixty-two bulls were accepted. When the average non- 
return rate in the check year was compared with the decision, 33 of the ac- 
cepted bulls had a check year non-return rate that fell in the rejected non-return 
rate category; 9.1 per cent of the acceptance decisions were held to be in error. 
One hundred and fifty bulls with further service in the check year were 
rejected. Sixteen of these had yearly non-return rates that fell in the ac- 


TABLE 1 
The results of the application of several sequential tests to non-return data 
from bulls in ten different studs. (a) Overall results 


Stud. Non-return drrors Total No. Ne. bulls Av.No. Av.No. Errors  Correet 
No. criteria allowed of bulls completing services services in decisions 
for in checked test and toreach incheck decisions 
Ace. Rej. Acc. Rej. check year decision year 
(Yo) (Fo) (%) (%). (%) (%) 
:* 55 50 3 1 84 51 398 2536 9.8 90.2 
o 60 55 3 1 53 40 344 807 7.5 92.5 
= 60 55 3 1 50 25 370 1122 8.0 92.0 
4° 60 55 3 1 89 49 394 1175 6.1 93.9 
g* 60 05 3 1 75 51 277 1016 2.0 98.0 
¢* 60 5 3 1 110 77 277 T54 5.2 94.6 
7 60 55 3 1 51 30 249 535 6.7 93.3 
"ag 60 55 3 1 149 87 320 1781 16.1 83.9 
9° 60 55 3 1 110 75 382 1420 20.0 80.0 
104 75 70 1 1 59 27 744 6360 0.0 100.0 


“60-90 day non-returns to total services. 
® 60-90 day non-returns to first services. 
° 56-84 day non-returns to first and second services. 
“28-35 day non-returns to first and second services. 


TABLE 2 
The results of the application of several sequential tests to non-return data 
from bulls in ten different studs. (b) Acceptance decisions. 


Stud No. bulls Av. No. Av. No. Errors Errors Probability 
No. accepted services services allowed observed of a larger 
for in in acceptance in acceptance number 
aeceptance cheek year decisions decisions of errors 
(%) (%) 
a 34 428 3111 3 5.9 .0812 
2° 25 310 1075 3 4.0 .1719 
=” 7 509 1881 3 0.0 .1910 
4? 27 392 1427 3 7.4 0462 
5* 50 277 1033 3 2.0 4447 
6°” 54 2096 909 3 3.7 .2203 
ig 18 304 644 3 5.6 .1003 
ae 71 284 1925 3 18.3 <.001 
o* 54 314 1602 3 20.4 <.001 
104 22 783 1 0.0 .1984 


* 60-90 day non-returns to total services. 
» 60-90 day non-returns to first services. 
© 56-84 day non-returns to first and second services. 
“ 98-35 day non-returns to first and second services. 
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TABLE 8 
The results of the application of several sequential tests to non-return data 
from bulls in ten different studs. (c) Rejection decisions. 


Stud No. bulls Av. No. Av. No. Errors Errors Probability 
No. rejected services services allowed observed of a larger 
for in in rejection in rejection number 
rejection cheek year decisions decisions of errors 
(%) (%) 
eg 17 338 1385 1 17.6 <.0010 
tg 15 401 360 1 13.3 <.0001 
oe 18 315 826 1 11.1 <.0010 
4” 22 395 865 1 4.6 <.0001 
5” 1 279 157 1 0.0 =,0100 
6” 23 232 389 1 8.7 <.0015 
12 166 372 1 8.3 <.0062 
ae 16 484 1143 1 6.2 <.0121 
9° 21 557 954 1 19.0 <.0001 
10" 5 571 1 0.0 <.0500 


“60-90 day non-returns to total services. 
"69-90 Cay non-returns to first services. 
* 56-84 day non-returns to first and second services. 
“28-35 day non-returns to first and second services. 


ceptance. category ; 10.7 per cent of the rejection decisions were held to be in 
error. 

The overall results of the study are presented in Table 1. These results are 
subdivided into those pertaining to acceptance decisions (Table 2) and those 
pertaining to rejection decisions (Table 3). Probabilities of obtaining a larger 
number of errors in decisions because of sampling variation are presented in 
Tables 2 and 3. These probabilities were calculated. directly from the binomial 
distribution (2). 


DISCUSSION 


As indicated earlier, the usefulness of the test depends on the degree to 
which the four requirements of it are satisfied, i.e., reliable prediction, rapidity, 
adaptability to grouped data, and simplicity. 

Estimate of Probable Fertility. The provision for estimating the probable 
fertility level of a bull is by far the most important consideration. In all studs 
except Numbers 8 and %, over 90 per cent of the bulls previously shown to be 
acceptable by the test remained above the objectionable fertility level in the 
check year. The probabilities of obtaining greater numbers of errors in ac- 
ceptance decisions in seven of these eight studs were greater than 0.08; in the 
eighth (stud 4), the probability of a greater number of errors was 0.046. 

In stud 8, 83.9 per cent of the bulls shown to be acceptable by the test re- 
mained above the objectionable fertility level in the check vear and in stud 9, 
80.0 per cent of the accepted bulls was above the objectionable level. The 
probability of a greater number of errors in each of these studs was less than 
0.001. The results from stud 8 probably were greatly influenced by a combina- 
tion of odd circumstances. As a result of these chance factors, most of the bulls 
were tested during a period in which the stud non-return rate was well above 
60 per cent and fairly stable. They completed their check year in a period 
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during which the stud average went as low as 52 per cent and was quite unstable. 
This was the only stud in which all of the bulls were checked during a period 
in which a severe slump in fertility occurred. However, a slump in fertility was 
not peculiar to this stud; it was observed in five other studs. But in the other 
studs only part of the bulls were tested or checked during one of these slumps. 
It is thought that this combination of circumstances may account for some of 
the differences extant between this stud and such other studs as the previously 
discussed eight ‘‘normal’’ studs. There is no such explanation for the errors 
observed in stud 9. 

Although the number of errors in acceptance decisions was quite high in two 
studs, it seems logical to suppose that this represents the upper limit of error, 
since a rather small number of errors was observed in the other studs. 

The bulls of objectionable or ‘‘low’’ fertility present a somewhat different 
problem. Since it is necessary in most studs for a bull to have a fairly high 
fertility level to remain in heavy service, many of the bulls of objectionable 
fertility were in use a very short period of time and then discarded. Often- 
times this occurred before the bull had seen sufficient service to complete the 
test. In other cases the bull was discarded shortly after completing the test. 
Consequently some of the test decisions were held to be in error when measured 
against a small number of breedings in the check year. As can be seen in 
Table 3, the errors in rejection decisions ranged from 19 per cent to 0 per cent 
with an expectation of 1 per cent. In no case were the probabilities of larger 
numbers of errors greater than 0.05. 

This immediately suggested that non-return information was not random. A 
rough check of the randomness of the variation on a within-bull basis was made 
in two selected studs. In the stud selected as being representative of fairly 
stable fertility, 20 of the 37 bulls checked had Q?° values ranging below the 
5 per cent chance error allowance. In the other stud selected to represent ex- 
tremely unstable stud fertility, 10 of the 67 bulls checked had Q? values ranging 
below the 5 per cent chance error allowance. 

Rapidity of Test. It has been shown mathematically that the test is more 
efficient and thus faster than any fixed-sample-size sampling plan. In the studs 
with the same error allowances (studs 1 through 9), 340 acceptance decisions 
required an average of 320 services. The 145 rejection decisions required an 
average of 366 services. All 485 decisions required an average of 334 services. 
The average number of services for acceptance and for rejection decisions for 
each stud are presented in Tables 2 and 3, respectively. 

A relative cumulative frequency distribution of all decisions based on an 
allowance of 3-per cent error in acceptance decisions and a 1-per cent error 
in rejection decisions shows that 67.5 per cent of all decisions were made on 360 
or fewer services, and 94.7 per cent were made on 840 services or less. Seventy 
and seven-tenths per cent of all acceptance decisions were made on 360 services 
or less and 94.8 per cent on 780 or fewer services. Sixty nine and five-tenths 


*Q or Lexian ratio: a measure of variation which has tlre expectation of 1 if the samples 
are drawn from the same population at random, (3) 
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per cent of all rejection decisions were made on 480 or fewer services and 94.9 
per cent of all rejection decisions were made on 960 or fewer services. 

Bulls, then, can be and were selected with a fair degree of accuracy on 1 or 
2 months’ breeding results. In studs where 60 to 90 day non-returns are gen- 
erally used, the shortest time needed to decide whether a bull is of desirable 
fertility is 3 months; more probable is a period of 6 or 7 months after the start 
of service. Stud 10, the only one in which 28 to 35 day non-returns were avail- 
able, provides an interesting measure of the rapidity of the test. In this stud, 
non-return information is assembled 4 weeks after the termination of the week 
of service. Hence, non-return data for a bull and thus for a sequential test are 
available approximately 5 weeks after a bull has been placed in service. Twenty 
decisions were made 5 to 15 weeks after these bulls had been placed in service. 
Seven more bulls required more than 15 weeks in service before a decision could 
be made. All decisions were held to be correct. The amount of time consumed 
before a decision regarding a bull’s fertility can be made depends on: (a) the 
fertility of the bull, (b) the number of cows bred to the bull, and (¢) the amount 
of time necessary to calculate the specific non-return measure used in estimat- 
ing the fertility of that bull. 

The Sequential Sampling plan differs in several respects from the usual 
fixed-sample-size plan. A comparison between fixed-sample-size plans and Se- 
quential Sampling plans of equal accuracy to those used in this study shows 
that the Sequential plan requires less than half as many services as would be 
required by a fixed-sample-size method. A sample of over 1700 services would 
be needed when using a fixed-sample-size plan to arrive at the same conclusions 
reached in this study. The fixed-sample-size plan requires the same number of 
services for every bull regardless of his fertility level. On the other hand, the 
number of services needed to reach a decision with the Sequential approach 
varies with the fertility levels of the bulls. Bulls of high and low fertility re- 
quire relatively small samples whereas bulls of intermediate fertility require 
many more services. 

Adaptability to Grouped Data and Simplicity. Grouped services and non- 
returns as collected at monthly or weekly intervals in ten different studs were 
utilized in this study in the manner illustrated in Figure 1. The simplicity of 
the test also can be gauged from the example given in Figure 1. 

Sinee no procedure has been presented previously which demonstrates how 
non-return information may be used most efficiently to characterize a bull’s 
fertility, it is believed that the test should be of value to stud managers. The 
test probably will be most effective when worked into lease agreements as a 
measure of fertility or infertility, thus providing the manager of the stud with 
a reliable evaluation of the bull’s fertility. Because of the large amount of 
variation in monthly non-return information it does not provide the accuracy 
indieated in the original criteria of the test. On the basis of the results of this 
study about twice as many errors in acceptance decisions as indicated by the 
criteria of the test can be expected under normal stud conditions. The number 
of errors in rejection decisions probably will be eight to nine times as large as 
expected from the criteria of the test. 
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SUMMARY 


Wald’s Sequential Analysis has been used as a method of evaluating levels 
of bull fertility from non-returr. data. The test is relatively simple, utilizes 
grouped data as they are collected in the field, and is probably the most efficient 
test available. 

The results of this study indicate that non-return information from bulls is 
subject to considerable variation. This variation leads to a larger number of 
errors in decisions than would normally be expected from such specific Sequential 
plans as were used here. 

Non-return data from 512 individual bulls were submitted to one of three 
different Sequential plans. Acceptance or rejection decisions were made on 
each of these bulls. Non-return data collected for a calendar year after the 
completion of the test indicated that over 89 per cent of these decisions were 
correct. 
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THE EFFECT OF AGING CREAM UPON THE DISTRIBUTION 
PATTERN OF FREE C,, C,, AND C, FATTY ACIDS 


I. PETERS 


Texas Agricultural Experiment Station, College Station 


By means of partition chromatography, such as described by Ramsey and 
Patterson (7), it has been shown previously that cream incubated at 85° F. for 
7 days or more usually contains large amounts of free fatty acids, especially 
butyrie acid (6). Although it is generally assumed that the acid in the butyrie 
acid band is made up of butyric acid only, this may not always be the case (8). 
The object of the present study was to determine whether or not the free fatty 
acids that make up the butyric acid band (including the forerun) are those 
of butyric acid only, or possibly a mixture of butyric and valeri¢ acid and their 
isomers. 


METHODS 


Samples of raw, fresh cream obtained by mechanical separation from Col- 
lege herd Grade A milk were transferred into sterile 1-1. Erlenmeyer flasks, 
stoppered with cotton plugs, and incubated at 85° F. for 7 days. A control 
sample was saved in each case. In three trials the cream was divided into two 
portions and formaldehyde added to one portion at the rate of 1:500 prior to 
incubation. The method of Ramsey and Patterson (7) was used in preparing 
the dried distillate containing the sodium salts of the volatile free fatty acids 
from 100 ¢. of cream. This method was used also to collect the acids of the 
butyrie acid band. 

After several only partially successful attempts with pure reagents to sep- 
arate valerie and butyric acid, using the procedure of Elsden (1), the method 
of Moyle et al. (5) was adopted, permitting satisfactory separation of the acids 
in question, namely, caproic, valeric, and butyric. The butyric acid fraction 
was examined further for the presence of iso-butyric acid, using the method 
of Kline (4) as described by Ramsey and Patterson (7). The presence of 
n-butyrie acid was confirmed by the formation of characteristic crystals with 
mercurous nitrate (7). 


RESULTS 


The separation of caproic, valeric, and butyric acids from admixtures of 
pure reagents by the method of Moyle ef al. (5) is shown in Figure 1. The silicic 
acid column was buffered at pH 8.4 and CB1, CB10, and CB30 were used to 
separate caproic, valeric, and butyric acid, respectively. Complete removal of 
one acid was obtained by the use of one reagent, and it was only after the addi- 
tion of another reagent higher in vutyl alcohol that the next lower acid could 
be collected. Figure 2 shows the separation of the above three fatty acids in 
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Fig. 1. Separation of n-caproic, n-valeric, and n-butyrie acids 
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Fig. 2. Separation of n-caproice, n-valerie + issvaleric, and n-butyrie + isobutyrie acids 
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The isomers migrated in a 


fashion similar to that of the corresponding normal acid, as shown in the graph. 

Table 1 shows data of two trials in which the quantities of free caproie, 
valeric, and butyric acid from 100 g. of cream were determined by the method 
of Moyle et al. (5). With the exception of one fresh control sample all samples 
showed the presence of free C,, C,, and C, acids, with C, making up the largest 


portion. 
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TABLE 1 


Quantities of free caproic, valeric, and butyric acid developed in cream 
as determined by the method of Moyle et al. 


M1. of 0.005N KOH required to neu- 


tralize the following acid portions: Total ml. of 0.005N 


Trial KOH required for all 
number Cream sample Caproic Valerie Butyrie 3 acid portions 
1. Fresh control 0.00 0.00 0.40 0.40 
Il 2. Ineubated 7 d. at 85° F." 0.05 0.10 1.10 i235 
3. Ineubated 7 d. at 85° F. 0.20 0.10 88.0 88.3 
1. Fresh control 0.30 0.30 0.20 0.80 
III 2. Ineubated 7 d. at 85° F.* 0.10 0.20 0.30 0.60 
3. Ineubated 7 d. at 85° F. 0.25 0.10 14.3 14.65 


“ Formaldehyde added at the rate of 1:500. 

Trial [Va (Table 2) shows additional data on the distribution of C,, C,, 
and C, fatty acids in fresh and aged cream, with results similar to those shown 
in Table 1. Examinations of the butyric acid fraction from this trial, as well 
as from trials I and II showed the presence of n-butyric acid only, when a sodium 
butyrate salt solution prepared from the above butyric acid fractions was al- 
lowed to react with mereurous nitrate to form mereurous butyrate crystals. 
The crystals obtained were typical for mercurous butyrate and similar to those 
shown by Ramsey and Patterson (7). 

Data from a sample of skimmilk, obtained by mechanical separation of the 
same milk from which cream [Va was obtained, are shown in Table 2. Neither 
the fresh control nor the incubated sample showed any measurable quantity 
of C,, and C, acids. The butyric acid value increased during incubation from 
0.20 to 0.95 ml. of 0.005 N KOH equivalent, an increase of 475 per cent. In the 
ease of the corresponding cream [Va the butyric acid value increased 336 per 
cent. 

The last two columns in Table 2 show a comparison of values in terms of 
milliliters of 0.01 N alkali required to neutralize the C,, C,, and C, acid fractions 
obtained by the method of Moyle et al. with the milliliters of 0.01 N alkali 
required to neutralize the acids in the butyric acid band obtained by the Ramsey 
and Patterson method. The limited data show a rather close agreement between 
the two methods. 

The data in Table 3 present additional information on fresh and incubated 
samples of cream and skimmilk used in this study. It is of interest to note 
that the addition of formaldehyde in trials I to III retarded considerably the 
development of titratable acidity during incubation of the cream and resulted 
in an aged cream with a strong oxidized flavor. Cream samples aged without 
the addition of formaldehyde developed high titratable acidities and a cheesy 
flavor, frequently accompanied by yeastiness. The aged skimmilk sample had a 
slightly putrid flavor. 


DISCUSSION 


The observation made in an earlier study (6) that cream incubated at 85° F. 


for 7 days usually contains high free butyric acid values was confirmed in the 
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TABLE 3 


Effect of ineubating cream and skimmilk upon titratable acidity, 
flavor, and butyrie acid development. 


Per cent Per cent Mg. Butyrie 
Trial fat INCUBATION | titratable FLAVOR acid per 100g Method 
number (Babcock) Temp. — Time acidity fat used 


(°F.) (Days) 


30 Fresh control 0.16 Sweet, clean 1.9 
I 30 85 — 7* 0.19 Very oxidized 11.0 a: 7. 
30 8s — 7 1.02 Very cheesy and yeasty 125.0 
34 Fresh control 0.12 Sweet, clean 1.24 
II 34 si — 7T* 0.17 Very oxidized 3.90 Moyle ° 
34 8 — 7 1.14 Cheesy and yeasty 274.00 
35 Fresh control 0.12 Sweet, clean 2.48 
III 35 85 — 7* 0.22 Very oxidized 1.86 Moyle ° 
35 85 — 7 0.90 Very cheesy 45.40 
35 Fresh control 0.15 Sweet, clean 8.2 
IVa 35 85 — 7 0.80 Slightly cheesy 32.0 R.& P. 
0.1 Fresh control 0.22 Sweet, clean 114.0 
IVb” 0.1 8 — 7 1.18 Slightly putrid 816.0 R. & P. 


* Formaldehyde added at the rate of 1:500 
" Skimmilk from above (IVa) cream 
* Tneludes Cy, Cs, and C, fraetions 


present work. The marked increase in free butyric acid, especially in cream 
samples incubated without added formaldehyde, as compared with little or no 
increase of caproic and valerie acids, indicates that microbial action may be in- 
volved in the formation of butyric acid, as has been suggested by earlier workers 
(2). That milk fat is not the only source of free butyric acid in the aged samples 
also may be interpreted from the results obtained with the skimmilk trial. The 
insignificant increases of valerie acid during aging, as well as the absence of 
isobutyric acid in the aged cream, make it questionable that the increase in 
butyrie acid is due in part to appropriate degradation of certain amino acids. 
The cheesy flavor in the aged cream, which according to Kass (3) is due to the 
amino acid leucine, suggests that protein degradation occurred during incuba- 
tion, however. In view of present knowledge one may assume that butyric acid 
may be a product of the degradation of lactose by microorganisms. A further 
more detailed study is necessary to show which, if any, of the microorganisms 
commonly present in milk are responsible for the butyric acid formation when 
suitable environmental conditions exist. 


SUMMARY 


Four trials with cream and one with skimmilk were performed to study the 
distribution pattern of free C,, C,, and C, fatty aeids. 

By using the method of Moyle ef al. it was found that free caproic and 
valerie acids were absent altogether or present in small quantities only, both 
in fresh control samples and in samples with or without added formaldehyde, 
incubated at 85° F. for 7 days. 
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Free butyric acid was present in all fresh control samples and increased 
in quantity during incubation, with largest increases in samples containing no 
added formaldehyde. The butyric acid was identified as n-butyric acid in 
every instance. 

It is believed that the butyric acid in the incubated samples may originate 
in part from milk serum constituents, most probably lactose, 


REFERENCES 
(1) Euspen, 8S. R. The Application of the Silica Gel Partition Chromatogram to the Estima- 
tion of Volatile Fatty Acids. Biochem. J., 40: 252-256. 1946. 
(2) Hituie, F., anp Montgomery, D. Volatile Acids in Cream and Butter. J. Assoc. Offie. 


Agr. Chemists, 31: 750-760. 1948. 

(3) Kass, P. Baked Goods with Cheese Flavor. U.S. Patent 2,554,763. Aug., 1951. 

(4) Kune, L. Der Nachweis und die Bestimmung der fliichtigen Fettsauren. II Isobutter- 
saure. Biochem. Z., 296: 202-209. 1938. 

(5) Moy.e, Vivien, BALpwin, E., AND Scarissrick, R. Separation and Estimation of Satu- 
rated C.-C, Fatty Acids by Buffered Partition Columns. Biochem. J., 43: 308-317. 
1948, 

(6) Perers, I. I., Kester, L. T., AND Netson, F. E. Butyrie Acid and Water-Insoluble Acid 
Values of Cream Held at Temperatures of 38 to 85° F. J. Dairy Sei., 34: 477-478. 
1951. 

(7) Ramsey, L. L., AND Parrerson, W. I. Separation and Identification of the Volatile Satu- 
rated Fatty Acids (C; to C,). J. Assoe. Offic. Agr. Chemists, 28: 644-656. 1945. 

(8) Ramsey, L. L., AND Hess, S. M. Collaborative Study of a Chromatographie Method for 
the Volatile Fatty Acids. J. Assoc. Offic. Agr. Chemists, 33: 848-854. 1950. 


~ 


OVULATION AND FERTILIZATION IN THE 
HORMONE-STIMULATED CALF 
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INTRODUCTION 


Casida et al. (1) have shown that the ovaries of the juvenile bovine animal 
may be stimulated to produce large follicles and corpora lutea through the ad- 
ministration of appropriate extracts possessing follicle-stimulating and lutein- 
izing activity. More recently, Marden (3, 4) has presented further data in 
this regard. 

The study reported here was undertaken to determine whether the calf 
might be used as a source of fertilized bovine ova for direct experimental study. 


MATERIALS AND METHODS 


This work was carried out during the period of February through October 
1950. Because facilities for housing and feeding the calves were limited, only 
one or two animals were treated at any one time. The heifer calves, predom- 
inantly of Holstein breeding and weighing between 90 and 180 lb., were 
purchased periodically from local livestock-buying stations. The age of these 
animals was not known but in the main probably varied from 2 weeks to 2 
months. The calves were penned together in a dairy barn, fed milk by hand 
twice daily, and permitted access to grain and good quality legume hay. Scour- 
ing was prevalent among the calves, although antihemorrhagie septicemia 
serum (bovine origin) was administered as a prophylactic measure at the time 
of purchase. Scouring, nevertheless, probably was unavoidable in view of the 
nature of their procurement. However, the animals were not placed on treat- 
ment unless in reasonably healthy condition. 

Two extracts of acetone-dried sheep anterior pituitary glands (here desig- 
nated as FSH-11 and FSH-12), prepared according to the method of McShan 
and Meyer (5), were used in the majority of the animals to stimulate follicular 
development. Bio-assays were performed on 21-day-old female rats of Sprague- 
Dawley strain. The rats were sacrificed 24 hours after the last of nine semi-daily 
subeutaneous aqueous injections. The results of the assays are presented in 
Table 1. 

Several different materials were utilized to induce luteinization and ovula- 
tion. Four unfractionated extracts of acetone-dried sheep anterior pituitaries 
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TABLE 1 
Bio-assay of gonadotrophic extracts used, 


Prepara- Total No. of Ovarian wt." 
tion dosage rats (av. and range) Type of response 
(g.e.) (mqg.) 
FSH-11 0.5 6 23.4 (14.8-30.2) Clear follicles 
1.0 6 52.4 (30.7-85.6) Clear follieles 
FSH-12 0.5 7 33.3 (17.9-53.7) Clear follicles 
1.0 7 69.1 (34.5-100.2) Clear follicles and 
cloudy follicles 
2.0 2 122.8 (94.0-151.6) Cloudy follicles and 
a few corpora lutea 
USP-10 0.05 2 16.9 (14.3-19.4) Slight stimulation 
0.10 4 48.0 (20.0-90.7) Few corpora lutea 
0.20 4 110.9 (96.0-122.1) Few or numerous 


corpora lutea 


“Ovarian weights in unstimulated control animals of this strain and age average 14 mg. 
(range 10-20). 


(ISAP16HM,, USP-7, USP-9, and USP-10)* were prepared according to the 
method of MeShan and Meyer (6). Only one of these (USP-10) was tested 
adequately in rats (Table 1). Dosages of these and of the FSH extracts are 
expressed in gram-equivalents (g.e.) of the original dried glands. A fifth ex- 
tract (commercial) prepared from sheep anterior pituitaries (APG) ° also was 
utilized on the basis of the commercial assay. Chorionic gonadotrophin (human 
pregnancy urine) was used alone and in conjunction with unfractionated ex- 
tracts in five cases. In another animal an aqueous suspension of dried beef 
pituitary was used. 

The desired quantities of dry extracts were dissolved or suspended in 5 ml. 
of distilled water immediately prior to use. Subcutaneous injections were made 
in the neck and shoulder regions; intravenous injections were made into the 
jugular vein. In general outline, the plan of treatment was to administer a series 
of three to six daily subeutaneous injections of extract to stimulate follicular 
growth; this was followed, usually 24 hours later, by an intravenous injection 
of luteinizing extract to induce ovulation. The calves were killed 2 to 3 days 
later, the ovaries and ovarian structures measured, and (in the case of ovula- 
tion) the oviducts and uterine horns excised and flushed with modified Krebs 
solution to recover the ova. Ova, when found, were examined under a low power 
binocular for evidence of cleavage and abnormality. 

The majority of the calves were inseminated from 6 to 8 hours after the 
intravenous injection. In 23 cases the animals were anesthetized, and a mid- 
ventral laparotomy was performed. Semen was then deposited in the uterus by 


‘Extracts FSH-11, FSH-12, and USP-10 were prepared at the American Foundation for 
the Study of Genetics, Madison, Wisconsin. Acknowledgment is made of the suggestions of 
E. L. Willett in their preparation, and for the use of samples of extracts USP-7 and USP-9. 

* Kindly furnished by Pitman-Moore Co., Div. of Allied Laboratories, Indianapolis, Indiana. 
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puncture of the uterine wall; in 13 of these calves, semen was introduced also 
into the upper oviducts by passing a blunt hypodermic needle through the 
infundibular opening. In the remaining nine animals, semen was injected in 
large volume (10 ml. diluted semen) into the peritoneal cavity directly through 
the body wall of the lumbar and groin regions. 

The semen was obtained from the University bull stud and was used within 
36 hours after collection. Where possible, raw semen was obtained and diluted 
1:10 with modified Krebs solution ; otherwise, the semen was diluted with yolk- 
citrate buffer, as in field use. 


RESULTS 


Induction of Ovulation. The 32 calves used in this study are listed in Table 2 
and classified chronologically as to treatment regimen. With the exception of 
one animal, the case histories will not be repeated here. 

In the course of experimentation, the dosage of FSH was increased grad- 
ually. In several cases, unfractionated preparations, administered subeutaneous- 
ly, were tested for follicle-stimulating activity. In general, any of the dosages 
used produced marked follicular stimulation as measured by size or number of 
follicles (Table 2). Among the animals receiving FSH, there exists a correla- 
tion of 0.58 (P < 0.01) between total dosage in gram-equivalents and number 
of follicles over 5 mm. in diameter. 

Corpora lutea were formed in 16 (50%) of the calves, although these were 
for the most part single ovulations. Further, within any one treatment regimen, 
the results obtained were quite variable in regard to either follicular develop- 
ment or ovulation. It therefore appears that few of the follicles stimulated are 
capable of responding to the luteinizing action of extracts administered intra- 
venously. 

Marden (3, 4) noted that calves treated with follicle-stimulating extracts 
could ovulate (spontaneously?) without aid of the intravenous injection of 
luteinizing hormone (LH). Calf 19 in our series appears to represent such a 
ease. This animal was removed from experiment after receiving three daily 
5-g.e. injections of FSH beause of severe scouring. On recovery 10 days later, 
treatment was re-initiated, comprising five additional 5-g.e. daily injections 
of FSH followed by an intravenous injection of USP-10. At slaughter 2 days 
later, 18 large corpora lutea were observed, apparently formed well prior to the 
intravenous injection. Many other follicles were present, but there was no in- 
dication of further ovulation in response to the exogenous LH. The failure 
of ovulation in this case is not in line with the further suggestion that Marden 
found in his data that the establishment of an artificial corpus luteum by pretreat- 
ment with gonadotrophin might facilitate more complete ovulation in response 
to a second gonadotrophin series. 

A somewhat related approach was made to the problem in the trials reported 
here. In an effort to produce more uniform responses to the gonadotrophic ex- 
tracts, four calves were treated with a subeutaneous injection of 2 mg. of estro- 
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TABLE 2 
Gonadotrophin treatment and autopsy information. 


Subcutaneous Intravenous Autopsy 
injections injections information 
a A as & m8 ASS AZ ABE AE 
(g.e.) (g.e.) (mm. ) 
1 A 5 7.5 C i 6 1 2 17 0 
2 A 5 15.0 D 1.0 6 2 8 21 0 
a 2 18 9 * 1 
4 A 5 12.5 >} 1.0 6 4 7 10 0 
5 5 11 0 
5 \ 5 12.5 F 2.0 6 7 7 13 0 = 
6 \ 6 15.0 F 2.0 6 6 40 24 1 0 
7 \ 10.0 FE 1.0 6 8 4 14 0 
10 3 11 0 : 
s \ 5 12.5 G . 6 11 3 10 1 0 
12 2 8 1 0 
7 
we ¢ 4 10 1 1 0 
14 6 11 0 at 
15 3 9 1 1 0 
10 B 5 12.5 F 5.0 6 16 4 13 0 rr 
1] B 3) 25.0 F 1.0 6 17 17 8 5 4 0 
20 25 18 11 10 6 
1 10 11 0 
29 10 10 0 
12 B 5 25.0 F 2.0 6 18 14 10 7 7 0 
22 8 17 0 
23 4 10 0 
24 5 14 2 2 0 
19* 1 31 18 1 0 
13 F 4 6.0 BF 1.5 5 25 1] 10 1 0 
26 0 neg 0 
14 F 3 6.0 F 2.0 4 28 13 12 1 0 
15 T 4 H 5 2 15 0 
16 B 5 25.0 H se 6 30° 17 15 3 3 0 
31 14 12 2 2 0 
B82 4 12 0 
17 B 5 25.0 I : 6 33 40 14 0 


“940 u. 

1,000 I.U. 

© 235 u. 

“0.5 g. 

* Pretreatment with 2 mg. dienestrol SC on day 1, followed by 10 mg. progesterone in oil 
SC daily, days 4-12. Gonadotrophin series initiated on day 12. 

 Follicle-stimulating hormone given for 3 days. Calf removed from experiment because of 
severe scouring. FSH treatment re-initiated on day 13. Corpora lutea represent ovulation prior 
to completion of second series of injections. 

CopE TO PREPARATIONS USED 

A—Follicle-stimulating extract of sheep anterior pituitaries—FSH-11 
B—Follicle-stimulating extract of sheep anterior pituitaries—FSH-12 
C—Unfractionated extract of sheep anterior pituitaries—ISAP16HMs 
D—Unfractionated extract of sheep anterior pituitaries—USP-7 
E—Unfractionated extract of sheep anterior pituitaries—USP-9 
F—Unfractionated extract of sheep anterior pituitaries—USP-10 
G—Chorionice gonadotrophin (human pregnancy urine )—Antuitrin-S 
H—Anterior pituitary gonadotrophin, Pitman-Moore Co.—APG 
I —Dried beef anterior pituitaries—DBP 
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gen (dienestrol) ° on day 1, followed by daily subcutaneous injections of 10 mg. 
of progesterone (in oil) on days 4-12; gonadotrophin treatment was instituted 
at the time of the last progesterone injection. Results in these animals, however, 
appeared no more consistent than in others not so treated. 

Fertilizability of Ova. Thirty-five ova were recovered from 10 of the 16 
calves whose ovaries contained corpora lutea (total CL-65). With the ex- 
ception of calf 19 previously mentioned (in which one degenerate ovum was 
flushed from the uterus), all ova were found in the oviduets. 

Fertilized ova were recovered in only two cases, both animals in which in- 
semination was made by laparotomy. Calf 3 yielded three unfertilized eggs 
from the right oviduct and one normally-cleaved 8-cell ovum from the left. Ten 
ova were recovered from Calf 20, four unfertilized and degenerate eggs from 
the right oviduct and six apparently normal 4-8 cell ova from the left. Large 
numbers of accessory sperm were observed in the zona pellucidas of the latter 
eggs. 

The unfertilized ova recovered from the other eight calves in general showed 
evidence of cytoplasmic disorganization, although the first polar bodies were 
commonly still visible. 


DISCUSSION 


The findings described here closely resemble those obtained earlier by Casida 
et al. (1) and more recently by Marden (3, 4) in respect to the ease with which 
ovarian stimulation can be induced in the juvenile bovine animal through the 
administration of gonadotrophie extracts. While such response is correlated in 
part with the total dosage of follicle-stimulating extracts, the results in indi- 
vidual cases are highly variable and unreliable. This variability does not 
appear to be more than casually associated with the stage of physical develop- 
ment of the animal, or with the chronological age. There must exist other 
factors, inherent to the animal, that determine the sensitivity of the ovarian 
tissue to the action of these hormones. To what extent the calf’s own pituitary 
influences this response is not directly ascertainable. 

Of perhaps greater importance in terms of practical application is the 
difficulty in obtaining ovulation. Although 50 per cent of the calves treated 
with one series of gonadotrophin injections showed evidence of luteinization, 
the number of corpora lutea obtained was very low in comparison with the 
number of large vesicular follicles present. Marden noted a substantially higher 
proportion of ovulations to follicles in response to a second series of gonado- 
trophin injections in animals pretreated to establish artificial corpora lutea. 
The presence of such lutein tissue (and presumably progesterone) may sensi- 
tize the remaining ovarian mass to the action of the luteinizing hormone. Pre- 
treatment with progesterone in the present experiment, however, does not ap- 
pear to have achieved this result. 

Relatively few ova are recoverable from calves in relation to the number 


° Dienestrol, ‘‘ Dynovex’’, kindly furnished by Ortho Researeh Division, Raritan, N. J. 
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of corpora lutea present. It would be reasonable to suspect that this loss in part 
may be the result of mechanical difficulties in ova transport from much en- 
larged ovaries to the oviduct. Further, it seems likely that many potential ova 
are entrapped in the rapidly luteinized follicles, particularly in those follicles 
reaching maturity after the first follicles have ruptured. The number of formed 
corpora lutea then may not represent at all accurately the number of ova 
actually released. 

The present results are consistent with those of Casida et al. (1), who ob- 
tained two fertilized eggs from a total of 19 ova recovered, and of Marden (4), 
who found four fertilized eggs in a total of 25 recovered. The poor degree of 
fertilization in ova produced in the calf may be in part the consequence of 
sperm transport difficulties in the juvenile reproductive tract. Deposition of . 
semen directly into the uterine horns and oviducts in many of the animals used 
here, however, should have minimized this condition if it does exist. The gen- 
eral fertilization failure, in consequence, is thought to be associated either with 
inadequate or improper maturation of the follicles and ova, or with a possible 
inability of the juvenile uterus to induce maturation and full fertilizing capacity 
in the sperm, a concept suggested by the work of Chang (2). 

Even if more complete ovulation is possible when gonadotrophin treatment 
is initiated in the presence of a corpus luteum, the observation of Casida et al. 
(1) and Rowson (8), who have induced superovulation in mature animals during 
the luteal phase, has been that fertility is exceedingly low. Murphree et al. (7) 
have shown in the rabbit that fertilization failure in ova produced during the 
luteal phase is due in large part to failure in sperm transport through the 
cervix. Where a special effort has been made to deposit semen in the uteri of 
luteal-phase cattle (9, 10), however, fertility has continued to remain low. 

In the present state of our knowledge, then, superovulation in the calf, 
although possible, is not of sufficient reliability to permit its use as a satis- 
factory source of bovine ova. 


SUMMARY 


Thirty-two veal calves, of unknown age but varying in weight between 90 
and 180 pounds, were subjected to a series of subcutaneous injections of gonado- 
trophic extracts predominantly of follicle-stimulating activity, followed by an 
intravenous injection of luteinizing extract and artificial insemination. 

Moderate to extreme follicular stimulation was induced in all but one 
animal, but corpora lutea were formed in only 50 per cent of the calves. Thirty- 
five ova were recovered from ten animals, but only seven (representing two in- 
dividuals) showed evidence of fertilization. 
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A SUMMARY OF STUDIES 
COMPARING STANCHION AND LOOSE HOUSING BARNS '! 


E. E. HEIZER, VEARL R. SMITH, anp C. E. ZEHNER 


Dairymen utilize two general systems for housing dairy cattle. In one 
system, cows are confined by stanchions or tie stalls on a lightly bedded, hard 
surface floor. The other system employs a pen or loose housing arrangement 
which permits freedom of movement except during the milking operation. This 
system provides a bedded area in which the bedding is permitted to accumulate 
for a considerable period of time. A separate milking parlor usually is pro- 
vided where the herd may be milked in a more sanitary environment. The study 
herein reported was undertaken to compare the merits of the two systems of 
housing. Dairy production objectives as related to type of housing included the 
following: (a) requirements for proper housing, (b) quality and quantity of 
milk production, (¢) general health of the cattle, (d) feed requirements, and 
(e) loose housing under warm and cold conditions. 

Later phases of the study included observations on the influence of loose 
housing management on fly population. This report is a condensed summary 
of some of the data obtained over a 10-vear period. Engineering phases of this 
project are published elsewhere (11). 

In 1904, Fraser (4) conducted a poll among dairymen in Illinois who were 
using a pen barn system. The answers received indicated that the cows stayed 
cleaner but more bedding was required in pen barns. 

Since then, interest in pen barn, open shed, or loose housing systems has been 
stimulated at various times by reports from several experiment stations. In 1913, 
Buckley and Lamson (1) of Maryland reported the results of a study over three 
winter periods comparing similar groups of cows housed in open pen and con- 
ventional stanchion barns. The cost of construction, labor requirements, and 
the cost of milk production were found to be slightly lower in the pen barn. 
Animals in the pen barn showed no ill effects of the colder temperatures and 
gained more weight than the cows in the stanchion barn. Milk from the cows 
in the pen barn had a lower bacteria content. Davis (2) at Pennsylvania con- 
ducted a comparable study during the same period. He coneluded that cows in 
the pen barn consumed more roughage and required larger amounts of bedding, 
but less labor. However, the milk yield decreased more rapidly, and sudden 
drops in temperature caused greater decreases in milk production of the cows 
in the pen barn. A little later (1918) Woodward et al. reported a comparison 
of milk production of cows housed in pen and stanchion barns at the Beltsville, 
Maryland, station (12). This study included three winter periods. The cows 
in the pen barn produced more milk, but they also consumed more feed. The 
extra milk did not pay for the extra feed. In contrast to the two previous reports, 
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more labor was required for care of the cows in the pen barn. Sixty-eight per cent 
more bedding was required for the pen barn. No ditference was noted in the in- 
cidence of injuries in the two systems of housing. Boss cows in the pen barn were 
observed to intimidate some of the weaker and less aggressive animals. In 1936, 
Dice (3) of North Dakota reported that cows housed in open-front straw sheds 
produced as well as cows in closed barns. 

In a comprehensive study on the relation of barn environment to milk pro- 
duction in Wisconsin, a pen barn was compared with a stanchion barn for two 
winter test periods, 1930-31 and 1931-32, by Kelley and Rupel (6). Their results 
show a marked decrease in production during cold weather for the cows housed 
in the pen barn. In this study the cows were confined in a milking shed an 
average of 8 hours per day. Sometimes the cows were subjected to marked 
fluctuations in temperature when returned to the pen barn. The cows in the 
pen barn had more cases of illness and lost weight during cold weather. It 
should be noted that in this study the cows were not allowed to develop a warm 
manure pack; neither were they allowed to become accustomed gradually to 
cold housing. 

In 1947, Graves, Dawson, and Kopland (5) reported studies at the Huntley, 
Montana, field station comparing pen and stanchion barns. Average production 
was higher in the pen barn, but there was also a higher nutrient intake. About 
twice as much bedding was required per cow for the pen barn. Here cows were 
fed and kept on the bedded area except while being milked. 

Several progress reports dealing with this. project have appeared since it 
was begun in 1941 (7, 8, 9, 10). 


EXPERIMENTAL PROCEDURE 


The barns. The stanchion or A barn is well-designed and insulated and has 
15 cow stalls, 2 large cow pens, and 2 calf pens. Stalls are 4 ft. 10 in. wide and 
5 ft. 2 in. to 5 ft. 6 in. long and are separated by a concrete curb that extends 
from the stanchion curb to the gutter. The stalls are wider and longer than 
those usually found in stanchion barns because the cows used in the first years 
of the project were considerably larger than average. Standard steel barn equip- 
ment is used throughout. A thermostatically controlled exhaust fan is used 
to ventilate the barn. 

The original pen or C barn is 25 ft. wide and 76 ft. long and the L section 
is 28 ft. 9 in. long. Two calf and two maternity pens were part of the original 
equipment. The feed manger was 40 ft. in length with the water tank in the 
manger line. This unit served as a uninsulated loose-housing barn for the 
1941-42, 1942-43, and 1943-44 periods. The first three years’ observations indi- 
eated that cows in the uninsulated loose-housing barn produced as well as cows 
in the warm stanchion barn. Consequently, an insulated unit was added to study 
effects of warm loose housing. Before the beginning of the 1944-45 period, the 
L section of the C unit was inereased to 48 ft. 9 in., and the entire barn was in- 
sulated and was thereafter known as the insulated loose-housing, or B barn. 
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Three calf pens were added and 25 ft. of additional feed manger were pro- 
vided for the cows. A mechanical ventilation system was installed. 

The B barn was operated as a closed loose-housing barn for the 1944-45 
through the 1946-47 periods. In the four subsequent periods, B barn was op- 
erated as an open loose-housing barn similar to C barn. 

Another L-shaped structure of the same dimensions as the enlarged B barn 
was added for the 1944-45 period and was designated as the new C barn. This 
barn was uninsulated and operated with the south door off the feeding area 
open at all times. A floor plan of the barns after the final alteration is pre- 
sented in Figure 1. 


DAIRY BARN RESEARCH PROJECT 


1950-1951 


— 


Fig. 1 Floor plan of barns after final alterations. 


Test periods. Test periods covered the time of year when cows are usually 
housed and barn fed. The remainder of the year the cows were on pasture but 
were fed supplemental roughages in the barns. Test periods are shown in 
Table 1. 

The third unit was not completed until January 31, 1945. Since this period 
(1944-45) was limited to 70 days, the 1944-45 data were omitted from all av- 
erages reported in this study. 

Temperature data. Average temperatures for the test periods are presented 
in Table 2 to show the conditions under which the tests were made. A more com- 
plete presentation of the climatological data is made in another report (11). 
The minimum outside temperature for the nine periods ranged from -6 to 
-37° F. The minimum inside temperature in the cold loose-housing or C barn 
was —23° F. ; 

Herd selection. Most of the animals used in these experiments were Hol- 
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TABLE 1 
Project Test Periods 
Test No. of milking cow 
perio | Dates Days days per test period 


A Barn B Barn C Barn 


1941-42 Oct. 1 to Mar. 31 182 2135 2199 
1242-438 Oct. 12 to Apr. 11 182 2259 2054 
1945-44 Oct. 12 to Apr. 11 183 2477 2354 
1944-45 * Jan. 31 to Apr. 11 70 

1945-45 Nov. 14 to May 1 168 2218 2220 2046 
1946-47 Nov. 1 to May 1 182 2752 2703 2798 
1947-48 Nov. 4 to Apr. 19 168 2309 2327 2394 
1948-49 Oct. 15 to Apr. 14 182 2508 2487 2459 
1949-50 Oct. 25 to Apr. 24 F 182 2587 2594 2575 
1950-51 Oct. 17 to Apr. 16 182 2173 2345 2452 


“Data from this test period are not included in the averages. 


TABLE 2 
Temperature Data 


Mean Temperature °F. 


Year * No. days A Barn B Barn C Barn Outside 
1941-42 * 146 67.5 46.7 42.5 
1942-43” 182 49.5 36.0 28.8 
1943-44 183 49.1 35.2 30.1 
1944-45 ° 70 53.6 54.1 43.0 34.3 
1945-46 168 49.3 39.0 30.8 
1946-47 182 51.1 38.0 31.4 
1947-48 168 42.2 34.8 34.4 
1948-49 182 45.7 37.3 $1.7 
1949-50 182 45.7 36.7 29.5 
1950-51 182 38.2 29.6 26.7 
Weighted 
Av. 50.9" 

(Last 9 
Test Periods) 52.9 42.9° 36.1 30.5 


“Direct thermometer readings 7:00 a.m., 1:00 p.m. and 11:00 p.m. Not comparable to 
instrument data and therefore not included in the average. 

® Continuous instrument records started at the beginning of the second test period. 

° Newer and more sensitive recording instruments used from start of the sixth test period. 

“Three year average for the period when B Barn was operated as a warm barn similar to 
A Barn for temperature. 

* Four year average for the period when B Barn was operated as a cold barn similar to 
C Barn. 


steins; however, during the 1943-44 test period there was one Jersey cow in 
each herd. The herds for each unit were selected to equalize them on the fol- 
lowing bases: (a) the current production in pounds of milk per day, (b) pre- 
vious production, if any, (¢) expected calving date, or date of last freshening, 
(d) age, (e) weight, and (f) health records. 

In planning the project, the intent was to keep the original herd for each 
unit intact for the duration of the experiment in order to study the long-time 
effects of housing on health. However, even at the start of the second winter 
test period it was necessary to bring in new cows to balance the herds. In each 
subsequent year the herds were selected on the same bases as formerly. Herds 
were assigned at random to the different barns. 
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Milk records. The cows were milked three times daily during the test periods 
of 1941-42 and 1942-43. From the winter test period of 1943-44 through 1950-51 
the cows were milked twice daily. Individual milkings were weighed and re- 
corded for all of the test periods except 1950-51. In the 1950-51 test period, the 
eows in B and C barns were milked 6 days a week in a milking parlor with a 
pipe-line milker. One day a week they were milked with a pail-type milker, 
ani the milk was weighed and recorded. This one day’s production was used as 
the average for that week. The herd in the stanchion barn was milked with a 
pail-type milker. For the first three periods and the 1950-51 period, the butter- 
fat tests of the official tester were used in computing fat production. During 
the periods from 1945-46 through 1949-50, aliquot samples were taken from 
each milking for weekly composite tests. 

Milk quality tests. Standard plate counts on raw milk were made as it was 
received at the dairy plant during each of the test periods. Sediment tests were 
made during the last four test periods. Samples from the quarters of each cow 
were plated during the last three test periods. Squirt-samples were taken from 
the quarters in the 1948-49 and 1949-50 test periods. The samples for the 1950-51 
period were from the total yield of each quarter, which was made possible by a 
specially devised quarter milking machine. 

Feeds. The feeds for all the herds were from the same source of supply. 
Thus there was little chance for one herd to be fed a better quality of feed than 
another. Baled mixed hay was used for each period. The quality of the hay 
varied considerably within and between periods. A small quantity of chopped 
hay was fed in the 1945-46 period. Corn silage of good quality was fed in each 
period. Some grass silage also was fed in the 1942-43, 1945-46, 1949-50, and 
1950-51 periods. Weights were recorded for the total amounts of roughages 
fed each herd. 

Some beet pulp was fed during the 1941-42 and 1943-44 periods. Concen- 
trates were fed individually according to production, stage of lactation, and 
condition of the cow. Amounts fed were adjusted biweekly. 

Bedding. Small quantities of wood shavings, corn stover, and June grass 
were used in addition to baled straw for bedding during the periods 1941-42 and 
1942-43. In all other periods baled straw was used for bedding. 


In eight of the nine test periods, 17 cows were housed in each of the barns. 
In A barn, 15 cows were kept in stanchions and two were kept in the box stalls. 
In the 1945-46 period, 15 cows were housed in each of the barns, and the box 
stalls in A barn were used only as maternity and hospital stalls. Additional 
bedding was added daily to the stalls and calf pens. Manure was removed each 
day from the gutter and weekly from the calf pens. 


Bedding was supplied to the bedded and feeding areas of C barn for the 
first period. The feeding area usually was wet and soggy and the cows could 
not be kept clean, even though bedding was added once or twice daily. From the 
1942-43 through the 1950-51 periods, the paved feeding area in C barn was not 
bedded, and the manure was removed daily. Bedding never was used on the 
feeding area of B barn, and manure was removed daily from the 1944-45 through 
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the 1950-51 periods. In all periods except 1950-51, straw was added to the 
bedded areas daily in sufficient amounts to provide a fresh surface layer of 
straw. During the 1950-51 period, manure droppings in the bedded areas of B 
and C barns were thrown along the side walls before fresh bedding was added. 
This practice helped to decrease the bedding requirements. 

Herd health. <A daily record of injuries, abnormal milk, swollen quarters, 
other health disorders, and treatments was kept. This record was more com- 
plete for the last five years of the project. Hence, the health records presented 
are only for the last five years. 

Cow weights. All cows were weighed for three consecutive days at the start 
of each period. The averages of these three weights were taken as the weights 
of the cows at the beginning of the period. After the initial 3-day weighing, 
the cows were weighed biweekly throughout the period. The final weights of 
the cows were the averages of the weights taken on three successive days at the 
close of the period. 

Management of calves. Only heifer calves born to the cows in the experiment 
during the test periods from 1941-42 through 1943-44 were considered as being 
in the experiment. From 1945-46 through 1950-51, two or three heifer calves 
were allotted to each barn at the beginning of the period. These calves were 
selected to make up three comparable groups. In addition, all of the heifer 
ealves dropped in each barn during the test period were included in the group 
for that barn. Calves dropped during extremely cold weather were wiped dry 
with feed bags. Heat lamps were used in the last two test periods to provide 
some supplemental heat for the newly born calves for 1 or 2 days after birth. 
During extremely cold weather a newborn calf dropped in the loose housing 
barn was placed in one of the calf pens in A barn until the weather moderated. 
The bedding in the calf pens was allowed to accumulate during the entire 
test period. 


RESULTS AND DISCUSSION 


Production. Milk production data are presented in Table 3. In the first 


TABLE 3 
Comparison of daily milk production, average butterfat test and fat corrected milk 
A Barn B Barn C Barn 
Test 

period Milk Fat FCM Milk Fat FCM Milk Fat FCM 
(%) (Ub.) (1b.) (%) (Ub.) (1b.) (%) (W.) 
1941-42 44.8 3.48 41.3 42.8 3.46 39.4 
1942-43 44.7 3.60 42.0 iat ae me 42.0 3.64 39.7 
1943-44 33.4 3.67 31.8 34.2 3.84 33.4 
1945-46 36.9 3.56 34.6 36.4 3.35 32.8 36.3 3.63 34.3 
1946-47 36.3 3.60 338.2 37.4 3.50 34.6 38.6 3.76 37.2 
1947-48 37.3 3.55 34.8 32.1 3.61 30.2 37.5 3.60 35.2 
1948-49 38.4 3.68 36.5 37.1 3.62 35.0 38.7. 3.73 37.1 
1949-50 40.2 3.53 37.3 38.6 3.40 35.0 35.2 3.41 32.1 
1950-51 31.3 3.78 30.3 34.1 3.72 32.7 38.0 3.74 36.6 
9-Year Av. 38.1 3.60 35.8 38.1 3.64 36.0 


6-Year Av. 36.9 3.62 34.8 36.0 3.53 33.5 37.4 3.65 35.5 
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2 years the cows were milked three times daily, which partially accounts for 
the higher production for these periods. The cows were milked twice daily for 
the remaining test periods. Yearly fluctuations in production are attributed to 
differences in herd composition rather than to any influence of housing. The 
9-year average shows that production in A and C barns was practically the 
same. A 6-year average was made in order to compare production of the herds 
in all three barns the last six periods. Here again there is no appreciable dif- 
ference in production among the herds. These data indicate that insulation 
of the B barn and operating it as a closed warm unit during the 1945-46 and 
1946-47 periods had no favorable effect on milk and fat production. During the 
succeeding four test periods, the B barn was operated as an open loose-housing 
barn with the south door off the feeding area open at all times. 

Under the conditions of this experiment, the results indicate that Holstein- 
Friesian cows produce equally well in open loose-housing barns as in con- 
ventional stanchion barns. 

Feed consumption. A comparison of feed and TDN intake during the test 
periods is presented in Table 4. Slightly larger amounts of hay, silage, con- 


TABLE 4 
Average daily feed consumed per cow 


A Barn B Barn C Barn 


Test 
period Hay Silage Cone. TDN Hay Silage Cone. TDN Hay Silage Cone. TDN 


1941-42° 23.2 228 126 28.4 27.7 23.4 11.2 30.3 


1942-43 23.3 24.0 10.3 23.6 23.4 25.1 94 23.3 
1943-44 19.7 36.1 8.4 23.1 21.8 38.0 8.6 24.4 
1945-46 245 28.6 11.0 252 25.0 30.0 10.7 25.5 23.6 39.8 100 24.2 
1946-47 175 48.0 112 .-262 172 486 108 259 176 488 114 266 
1947-48 17.5 32.5 9.0 216 19.2 32.8 8.5 22.1 18.9 32.7 92 22.5 
1948-49 16.0 39.1 115 240 166 39.7 116 244 168 39.8 113 24.2 
1949-50 168 389 11.7 244 16.7 39.6 12.0 24.7 165 39.8 11.7 24.4 
1950-51 144 36.7 102 21.7 152 383 112 232 1655 38.7 11.6 238.7 
9-year 

Av. 19.3 34.6 10.6 24.4 20.5 35.8 106 25.3 
6-Year 

Av. 17.8 38.2 109 242 184 39.0 110 246 184 39.4 112 249 


*In addition, approximately 5 lb. of beet pulp were fed daily per cow. The TDN of the 
beet pulp is added to the total. 


centrates, and TDN were consumed by the herds in B and C barns. The cows 
housed in B and C barns gained more weight than those in A barn. When 
allowances were made for the TDN required for gain in weight, there was no 
appreciable difference among the herds in the amount of TDN required per 
pound of 4 per cent milk (FCM) (Table 5). 

Bedding. A summary of the bedding requirements is presented in Table 6. 
The 9-year average for A and C barns shows a bedding requirement for C barn 
almost double that of A. However, this included 1 year (1941-42) when the 
feeding area of C barn also was bedded. In the last six periods the bedding 
required by C barn was about 60 per cent more than for A barn. In the last 
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TABLE 5 
Milk production, weight changes and TDN intake average per period 


A Barn B Barn C Barn 
9 yr. 6 yr. 6 yr. Gyr. 
Total lb. TDN 73,496 71,410 72,786 75,445 72,830 
Total Ib. gain in 
weight of herds 49.6 25.8 544 529 543 
Avy. gain in Ib. 
per ecw per period 2.95 1.55 32.6 31.5 32.6 
Total lb. TDN 
required for gain “ 175 91 1,920 1,867 1,916 
Net TDN 73,321 71,318 70,866 73,577 70,918 
Lb. FCM 84,903 83,740 81,935 85,453 87,057 
Lb. TDN required 
per lb. FCM 0.86 0.85 0.86 0.86 0.81 
*Caleulated on a basis of 3.53 lb. TDN per lb. gain in weight. 
TABLE 6 
Bedding Requirements 
A Barn B Barn C Barn 
Days Lb. per Lb. per Lb. per 
Test per cow per cow per cow per 
period season season season season 
1941-42 182 * 2,375 "4,994 
1942-43 182 "1,496 4,216 
1943-44 183 1,016 ‘as 2,961 
1945-46 168 1,166 2,901 2,449 
1946-47 182 1,469 2,652 2,159 
1947-48 168 1,325 2,227 2,110 
1948-49 182 1,262 1,904 1,841 
1949-50 182 1,480 2,964 2,913 
1950-51 182 1,373 1,746 1,522 
9-year av. 1,440 a 2,796 
Av. lb./cow/day 8.1 ae 15.8 
6-year av. 1,346 2,399 2,166 
Av. lb./cow/day 7.6 13.5 12.3 


* A Barn included 88.2 lb. wood shavings; C Barn, 221.2 lb. wood shavings. 
"A Barn ineluded 115.2 lb. corn stover, 151.1 lb. June Grass; C Barn, 291.1 lb. corn stover, 
463.0 lb. June Grass. 


test period the manure droppings in the bedded areas of B and C barns were 
thrown along the side walls each morning before fresh bedding was added. As 
a result of this practice, only 10 per cent more bedding was used in the C barn 
than in the A barn for the last test period. 

The relative amounts of bedding required for stanchion and loose housing 
barns on the farm may be different than indicated by this study, since two cows 
were kept in box stalls for eight of the test periods, and the stalls in the A or 
stanchion barn are wider than in most farm barns. Both of these factors may 
have increased the amount of bedding used in the stanchion barn. For 2 years 
(1945-46 and 1946-47) B barn was maintained as a closed loose-housing barn. 
This practice resulted in a higher relative humidity and an increased bedding re- 
quirement for this barn during two test periods. Other seasonal variations in 
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bedding can be attributed to yearly changes in weather, quality of bedding, and 
frequent rotation of the barn personnel. 
Quality. A summary of the quality tests on milk produced in the different 


herds is presented in Tables 7 and 8. The raw milk from herds in the A barn 


TABLE 7 
Total bacterial plate counts on raw milk 


A Barn B Barn C Barn 
Av. Av. Av. 

Test No. of count No. of count No. of count 
period Days counts / mil. Days counts / mil. Days counts / ml. 
1941-42 15 41 7,439 15 39 21,821 
1942-43 12 29 6,345 12 24 10,500 
1043-44 26 34 18,032 27 34 11,453 
1945-45 20 20 10,426 20 20 11,640 20 20 13,770 
1946-47 48 48 4,360 48 48 7,807 48 48 6,983 
1947-48 15 15 4,133 14 14 11,523 15 15 8,333 
1948-49 78 78 2,885 78 78 5,081 78 78 5,542 
1949-59 55 55 5,048 55 55 8,813 55 55 10,607 
1950-51 8 500 3,738 * 8 496 2567 * 8 532 1,894 * 
9-year av. 6,934 ae 10,100 
6-year av. 5,098 7,907 7,855 


“Based on weighted quarter sample counts. (Total bacterial plate counts for grade A raw 
milk should be less than 50,000 per ml. This is the current standard in force throughout most 
of the United States and is used for comparative purposes only.) 


TABLE 8 
Average sediment grades 


A Barn B Barn C Barn 

Test No. of Sediment No. of Sediment No. of Sediment 
period tests grades * tests grades * tests grades * 
1946-47 97 2.237 112 2.232 112 2.232 
1947-48 5 1.400 5 1.600 5 1.400 
1948-49 169 1.615 163 1.577 178 1.534 
1949-50 123 1.642 1a7 1.547 105 1.505 
Total 6.894 6.956 6.671 
Av. of 

yearly averages 1.724 1.739 1.668 
Av. of 

all tests 1.774 1.753 1.720 


“Graded in accordance with the sediment standard of the Wisconsin Department of Agri- 
eulture. This standard grade is on a 1, 2, 3, 4 basis with 1 being cleanest. 


in general averaged a little lower in plate counts than milk from the herds 
in the loose-housing barns. The sediment tests indicate no appreciable dif- 
ference among the barns. Two developments at the project appeared to have 
a marked effect on the quality of milk. The bacteria count for milk produced 
in C barn the first year was considerably higher than that of any other year. 
After the first year, the feeding and holding areas were paved and cleaned 
daily. This change resulted in noticeably cleaner .cows. 

The effect of the second development is reflected in the quality of milk of 
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the last test period. Elevated milking stalls and the metering of a sanitizing 
agent into the hoses used to wash the udders aided in a more thorough cleaning 
of the udders before milking. Also, a pipe-line milker and a refrigerated bulk 
storage tank were installed. Perhaps all of these new features aided in the pro- 
duction of higher quality milk. 

It is evident that the methods of cleaning the udder and the cleaning and 
sanitizing of the milking equipment are more important in determining the 
bacteriological quality of the milk as delivered to the receiving plant than are 
the methods of housing the cows. 

Calf data. The summarized data on calves in the project are presented in 
Table 9. The cold temperatures appeared to have little or no effect on calves 


TABLE 9 
Calf Data 


Calves Number 
born calves Av. age (days) Gain 
per test on at end of per calf 
period test test period per day 
A Barn 9.2 58 143.6 1.78 
B Barn * 8.2 43 154.4 1.90 
C Barn 9.4 54 147.7 1.70 


* Six year average. 


that were adjusted to the cold environment. However, during two test periods, 
newly born calves in C barn had portions of their ears frozen. 

Differences in rate of gain of calves housed in the three barns are not at- 
tributed to the effects of housing. It is desirable, in the environment in which 
these studies were conducted, to give special care to the new-born calf in loose- 
housing barns during inclement weather. Heat lamps in calf pens or calf brooders 
would be helpful. 

Health. A summary of health disorders that may have been associated with 
the type of housing is presented in Table 10. Twelve teats were stepped on 
in the herds housed in A barn, but this did not occur in B or C barns. These 
accidents may account for the greater number of serious cases of mastitis in A 
barn. More cases of stiffness and lameness were observed in the herds housed 
in A barn, which was probably the result of housing. The herds in the loose- 


TABLE 10 
Health disorders that may be associated with housing * 
A Barn B Barn C Barn 
Condition No. Serious No. Serious No. Serious 
Stiffness or lameness 23 2 6 0 3 0 
Gravel in foot 2 0 3 1 + 0 
Foot rot 8 0 $ 0 5 0 
Injured knees and hoeks 11 2 1 0 0 0 
Hematoma from bruise 4 1 1 0 1 0 
Stepped on teats 12 + 0 0 0 0 
Mastitis 44 5 40 4 35 1 


“ These figures cover a period of 5 years (1946-50). 


= 


STANCHION VS. LOOSE HOUSING 291 


housing barns were comparatively free from knee and hock injuries, which 
were quite frequent in the stanchion barn. It is doubtful that the method of 
housing had any effect on the other health disorders observed. 

Cows in the loose-housing barns exhibited keener appetites and consumed 
more hay and silage than did cows in the stanchion barn. Temperatures under 
which these tests were conducted probably were not sufficiently low to require 
additional nutrients to maintain body temperature. It is possible that waste 
heat produced in the work of digestion was sufficient to meet the requirements 
for maintaining body temperature of cows in the cold barns. 

Cows in the loose-housing barns preferred to spend considerable time out- 
side on sunny days, even when temperatures were extremely low. These cows 
developed heavier hair coats. This characteristic was most marked in young 
calves. 

All cows in these experiments were dehorned as calves. No boss cow problems 
developed in any of the barns. 


SUMMARY 


Two comparable herds of Holstein cows were housed simultaneously in a 
conventional stanchion barn and an uninsulated loose-housing barn over a period 
of 10 years. A third comparable herd was housed in an insulated loose-housing 
barn which was operated for 2 years as a warm barn and for 4 years as a cold 
loose-housing barn. The 6 years of study with the insulated loose-housing barn 
coincided with the last 6 years of study on the stanchion and the other loose- 
housing barn. 

The herds in these experiments produced equally well in a warm stanchion 
barn and a cold loose-housing barn. There was no observed relation between 
temperature and production. Nutrient requirements per pound of 4 per cent 
milk (F.C.M.) were essentially the same for all barns. High quality milk was 
produced consistently under both systems of housing. 

The loose-housing barns required more bedding than the stanchion barn. The 
amount of bedding varied with management practices and quality of bedding 
available. During the last 6 vears of the study, the amount of bedding used in 
the cold loose-housing barn was approximately 60 per cent greater than the 
amount used in the stanchion barn. 

Cold temperatures in the loose-housing barns had little, if any, effect on 
health of calves that were adjusted to the cold environment. Special care should 
be provided for new-born calves in loose-housing barns in extremely cold weather. 

There was little difference in the general health of animals housed under the 
two systems. However, injuries observed in the stanchion barn (stepped on 
teats, swollen hocks, stiffness, and lameness) were almost entirely absent in the 
loose-housing barns. 
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TOXICITY TO BULL SPERMATOZOA OF TERRAMYCIN HYDRO- 
CHLORIDE AND ITS USE AS AN ANTIBACTERIAL 
AGENT IN DILUENTS * 


O. T. STALLCUP anno H. K. McCARTNEY 
Department of Animal Industry 
University of Arkansas, Fayetteville 


The control of bacteria in diluted bull semen is a matter of major concern 
since such control may result in increased fertility leve!s in the semen of some 
dairy bulls (4). The choice of antibiotic, formulation, and dosages to be em- 
ployed are of great importance, especially in regard to semen toxicity, a major 
criterion of the possible usefulness of a material. 

Foote and Salisbury (7) have reported that one of two manufacturers’ 
brands of penicillin G was toxic to bull spermatozoa when used even in relative- 
ly small amounts. Almquist ef al. (1, 2,3) have reported information concerning 
the semen toxicity of sodium penicillin G (Pfizer) and streptomycin sulfate 
(Pfizer), each alone and in combination. Myers et al. (9), working with aureo- 
mycin hydrochloride, reported that all levels studied had significant toxic 
effects on bull spermatozoa motility. Foote and Bratton (8), also working with 
aureomycin hydrochloride in bull semen, found that to avoid spermicidal 
effects the dosage should not exceed 100 y per milliliter of diluted semen; Sykes 
and Mixner (10) made a survey of the toxicity to bull spermatozoa of several 
antibiotics, including penicillin, streptomycin, aureomycin, and chloromycetin. 
Differences in spermatozoa motility were not attributed to either penicillin or 
streptomycin. Dihydrostreptomycin sulfate was not toxic at levels as high as 
8 mg. per milliliter of diluted semen. The initial toxic level of aureomycin was 
found to be above 0.0625 mg. per milliliter while that of chloromycetin was 
found to be above 0.5 mg. per milliliter of diluted semen. 

Finlay et al. (6) have reported that terramycin has a low degree of toxicity 
in animals, insofar as its use for intravenous injections in animals is concerned. 
They further report that this material is bacteriostatic to many Gram-negative 
enteric organisms, aerobic spore formers, and Gram-positive cocci. Easterbrooks 
(5) has reported highly satisfactory breeding results when terramycin hydro- 
chloride was added to diluted bull semen at the rate of 20 y per milliliter. No 
data are reported in the literature concerning its relative toxicity to bull 
spermatozoa. 


METHODS AND MATERIALS 


Terramycin hydrochloride (Pfizer) was used in this investigation. The 
potency of the material was of the order of 890 y of terramycin per milligram. 
This compound is stable over long periods in aqueous solutions at about pH 
2.0 — 5.0 at room temperature. 
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To make a simultaneous comparison of the effects of the antibiotic on the 
motility of spermatozoa and upon bacterial control, bovine semen samples were 
divided into as many equal portions as there were levels of the antibiotic chosen 
to be tested, plus one sample to be used as a control. Each portion of fresh 
semen was diluted with 3.0 per cent citrate-egg yolk diluent to which the terra- 
mycin had been added. The average dilution was 1 part of semen to 40 parts 
diluent. The diluted semen then was stored at 5° C. in 9-ml. test tubes filled 
to capacity. Daily microscopic examinations of the diluted semen were made 
in order to estimate the effects of the antibiotic on the motility of the sperma- 
tozoa. This criterion has been used to determine the toxicity of other antibioties 
by numerous investigators, as reviewed by Sykes and Mixner (10). 

The number of viable bacteria in the semen after 48 hours of storage was de- 
termined by the plate count method. Tryptone glucose extract agar was used 
to culture the bacteria. Control plates were made to check the sterility of the 
water used for dilutions, of the agar, and of the atmosphere in the laboratory 
during the plating procedure. All plates were incubated at 37° C. for 48 hours 
before counting. 


RESULTS 


Eighteen semen samples were stored at 5° C. in citrate-egg yolk diluent con- 
taining 0, 20, 25, 30, and 40 mg. per 100 ml. of diluted semen, the sample contain- 
ing none of the antibiotic serving as a control. The effects of the different levels 
of the antibiotic on the motility of the spermatozoa after given hours of storage 
and the numbers of bacteria present after 48 hours storage are presented in 
Table 1. 


TABLE 1 
Motility of spermatozoa in diluted bovine semen containing terramycin hydrochloride. 
(Av. of 18 ejaculates from 14 bulls). 


Storage Mg. terramycin hydrochloride/100 ml. diluted semen 
at 5° C. 0 20 25 30 40 
(hr.) (%) (%) (%) (%) (%) 
24 65 65 59 41 29 
48 58 (7106) * 59 (1936) * 47 (1020) * 33 (943) * 18 (422) * 
72 51 51 41 25 13 
96 45 45 35 20 12 
120 40 39 28 18 S 
144 33 33 24 17 5 
168 30 28 18 15 4 
192 25 24 13 12 3 


* Av. number of bacteria per ml. 


When these data were subjected to an analysis of variance it was found 
that the dosage effects were highly significant, and thus 20 mg. of terramyein 
hydrochloride per 100 ml. of diluted semen may be considered a nontoxie 
level, and higher levels toxic. The differences between bulls were highly sig- 
nificant, as was the bull-treatment interaction, indicating that there was a 
difference between bulls in the effect of terramycin. 
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It would appear from these data that the 20 mg. level of terramyein is 
definitely bactericidal but not spermicidal in action, as compared to the control 
sample. The 25-mg. level was found to give better bacterial control than the 
20-mg. level but to have a spermicidal action, since the number of motile sperma- 
tozoa after given hours of storage was considerably less than that of the control 
and 20-mg. level samples. The 30- and 40-mg. levels were both bactericidal and 
spermicidal. 


SUMMARY 


The effect of terramycin hydrochloride on the motility of bovine sperma- 
tozoa and on bacterial growth of bovine semen diluted with citrate buffered 
egg yolk and stored at 5° C. was investigated. It was found that 20 mg. of 
terramycin hydrochloride could be added per 100 ml. of diluted semen without 
spermicidal effects. This level of the antibiotic was bacteriostatic and/or 
bactericidal. On the basis of these results, higher concentrations of this material 
in diluted bull semen are not recommended. 
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THE FRACTIONATION AND PURIFICATION OF EXTRACTS 
CONTAINING THE ANDROGENIC FACTOR 
OF COW FECES 


W. R. MILLER anp C. W. TURNER * 
Department of Dairy Husbandry 


University of Missouri, Columbia 


In a previous paper the extraction, hydrolysis, and cleavage of the androgen 
in dried cow feces were discussed (15). The present paper describes further the 
fractionation and purification of the androgen and the subsequent identification 
of its properties and functional groups. This chemical characterization is be- 
lieved to contribute to basic knowledge concerning the metabolism and_ path- 
ways of excretion of steroid hormones in the bovine. 


EXPERIMENTAL 


Collection and desiccation of feces. The urine-free feces used for processing 
were collected from individual cows of the Guernsey, Holstein, and Jersey breeds 
in the University of Missouri dairy herd. The fresh feces were dried according 
to a procedure previously described (22). 

Extraction of feces. The desiccated feces were extracted by a modification 
of the method recently reported (15). Four 1250-g. lots of the dried feces were 
extracted with ethyl ether in a continuous extraction apparatus. The ether ex- 
tracts were discarded, since they were shown at this stage to be inactive. The 
residues in the extraction apparatus then were extracted with 95 per cent 
ethanol. The ethanol was removed by distillation and the resulting biologically 
active residues extracted by refluxing with several portions of ethyl ether. The 
biological activity at this stage was found in the ether soluble material. 

Fractionation of extracts. Each ether extract from the four lots of the feces 
Was subjected to the following fractionation: (a) the separation of the ether- 
soluble material into acidic and neutral fractions; (b) the separation of the 
neutral fraction into ketonie and nonketonie fractions; (c) the separation of 
the neutral ketonie fraction into alcoholic and nonalcoholic fractions; and (d) 
the chromatographie separation of the neutral ketonic nonalcoholic fraction. 

Biological assay method. The androgenic factor was estimated by _ bio- 
assaying aliquots of the fractions resulting from the various separation pro- 
cedures. In order to conserve material, not every fraction obtained in the 
processing of each 1250-g. lot of the feces was bio-assayed. However, a sufficient 
number of corresponding fractions from the four lots of the feces was bio- 


Received fer publication October 22, 1952. 

‘Contribution from the Department of Dairy Husbandry, Missouri Agricultural Experiment 
Station, Journal Series No. 1266. Approved by the Director of the Missouri Agricultural 
Experiment Station. 

*'The authors are indebted to A. J. Olsan for his aid throughout the experiments described. 


296 


ANDROGENIC FACTOR OF COW FECES 297 


assayed qualitatively to trace the androgenic factor in the separation procedures, 
without any attempt being made at quantitative estimation. 

The method of assay of the androgenic hormone has been a modification of 
the chick comb application method, deseribed by Frank et al. (6). Groups of 
7-day-old White Leghorn or White Plymouth Rock chicks were used as the ex- 
perimental animals. Availability determined the breed of chicks used in any 
particular assay. The material to be assayed was dissolved in sufficient solvent 
so that each chick in the group received a daily comb application of 0.05 ml. 
for 10 days. Twenty-four hours after the last application the chicks were 
autopsied and the average comb weight per 100 g. body weight of each sex was 
determined. 

As a measure of the presence of the biologically active androgen in the 
various fractions, comparison was made between the average comb weights of 
groups of treated chicks and the average comb weight of a group of control 
chicks. 

Known androgens were used throughout the bio-assay work merely as an in- 
dication that the chicks had responded. Until the androgenic factor in cow 
feces is completely identified, it seems preferable to evaluate experimental results 
in terms of relative comb weights rather than in terms of any single androgen. 


SEPARATION PROCEDURES FOR ETHER-SOLUBLE MATERIAL 


Separation of the neutral and acidic fractions. The procedure for the sep- 
aration of the ether extracts into neutral and acidic fractions was that used by 
Dorfman et al. (5). Each ethereal solution was extracted several times with 
2 N sodium hydroxide. The alkaline washings were back-extracted with ether. 
The combined neutral ethereal solutions were washed with water, dried over 
sodium sulfate, and evaporated to dryness under vacuum. The residue was the 
neutral fraction. 

The alkaline washings were acidified and then extracted several times with 
ether. The ether was dried and distilled under vacuum. The residue was the 
acidic fraction. 

Bio-assay of each residue revealed the presence of the androgenic factor in 
the neutral fraction (Table 1). 


TABLE 1 


Biological estimation of the androgen in the acidic and neutral fractions 


Comb. wt. 


Av. Av. / 100 g. 
Lot Breed of No. of body wt. comb. wt. body wt. 
No. Fraction chicks chicks (g.) (mg.) (mg.) 
M F M F M y M F 
Control White Rocks 6 4 107.5 101.0 18.2 18.6 17.0 13.4 
Aeidie fraction White Rocks 6 116.0 90.6 14.5 8.6 125 9.5 
1 Neutral fraction White Rocks 7 3 98.0 84.6 32:2 240 32.9 28.4 
Control White Rocks 8 4 130.1 104.0 26.3 16.9 20.2 16.2 
4 Aecidie fraction White Rocks 7 3 117.0 124.3 °6.8 18.3 22.9 14.7 
4 Neutral fraction White Rocks 6 4 109.7 120.2 34.4 39.7 31.4 33.0 
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Separation of neutral ketones from the neutral nonketonic fractions. The 
neutral extract was separated into ketoniec and nonketonie fractions by means 
of Girard’s Reagent T (9) in the usual manner, using 15 ml. of absolute 
methanol, 1.5 g. of glacial acetie acid, and 1.5 g. of the reagent for every gram 
of the neutral residue. The ketones were recovered from the hydrazones by 
acid hydrolysis at room temperature for 24 hours, followed by extraction with 
ether. 

The fractions were bio-assayed as before. The neutral ketonie fraction 
exhibited androgenic activity (Table 2). This indicated the presence of a 


TABLE 2 


Biological estimation of the androgen in the neutral ketonic and the neutral nonketonie fractions 


Comb. wt. 


Av. Av. 100 g. 
Lot Breed of No. of body wt. comb. wt. body wt. 
No. Fraction ehicks chicks (g.) (mqg.) (mg.) 


M F M F M F M F 


Control White Rocks 3 8 174.7 145.3 51.8 23.8 29.7 16.4 
1* Ketonie fraction White Rocks § 5 1648 151.6 108.7 73.7 65.9 48.6 
1* Non-ketonie fraction White Rocks 28 192.0 157.5 73.8 26.5 38.4 16.8 
2° Ketonie fraction White Rocks 7 3 146.0 161.7 94.2 69.9 64.5 43.2 
2° Non-ketonie fraction White Rocks 7 2 154.7 130.5 46.9 27.6 o03 Zi 

Control White Leghorn a | 99.5 103.8 73.9 . 37.0 74.3 35.6 
3” Ketonie fraction White Leghorn 4 6 124.5 103.2 182.9 130.0 146.9 125.6 


“ These fractions were assayed simultaneously using the same group of control chicks. 
* Ketonie fraction only was assayed from this lot of feces. 


functional carbonyl group within the androgen molecule. 

Separation of alcoholic and nonalcoholic neutral ketones. The neutral 
ketonie fraction was heated under a reflux for 3 hours with twice its weight 
of suecinie anhydride and sufficient anhydrous pyridine to achieve solution (24). 
The alcoholic hemisuccinates were removed from the nonalcohols by extracting 
an ethereal solution of the constituents with sodium carbonate solution. The 
alcohols were recovered from their esters by saponification with n-propanolie 
potassium hydroxide. 

The androgen content of the alcoholic and nonalcoholic fractions was de- 
termined routinely. The alcoholic fraction was inactive biologically, whereas 
the nonaleoholie fraction was active (Table 3). This denoted the absence of a 
functional hydroxyl group within the structure of the androgen molecule. 

Chromatographic separation. The procedure for the chromatographic an- 
alysis of the neutral ketonic nonalcoholic fraction was essentially that used by 
Callow and Callow (1). This fraction was dissolved in carbon tetrachloride 
and passed through a 20 « 290 mm. column of aluminum oxide (Fisher’s 
adsorption alumina, 80 to 200 mesh). The amount of alumina used was eighty 
to one hundred times the weight of the mixture to be examined. 

The chromatogram was developed by employing a series of solvents and 
solvent mixtures of increasing polarity in the following sequences: carbon tetra- 
chloride; carbon tetrachloride containing successively 0.1, 0.2, 0.3, and 1.0 per 
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TABLE 3 
Biological estimation of the androgen in the alcoholic and the 
nonalcoholic neutral ketonic fractions 


Comb. wt. 


Av. Av. / 100 g. 
Lot Breed of No. of body wt. comb. wt. body wt. 
No. Fraction chicks chicks (g.) (mqg.) (mg.) 


M F M F M F M F 


Control White Rocks 35 1140 95.6 17.5 13.4 15.3 14.0 
1 = Aleoholie fraction White Rocks 3 7 134.0 118.7 21.7 18.4 16.2 15.5 
1 Nonaleoholie fraction White Rocks 8 2 100.8 102.0 57.1 53.0 56.7 52.0 
Control White Leghorn 2 7 99.5 103.8 73.9 37.0 74.3 35.6 
3 Aleoholie fraction White Leghorn 3 7 103.7 118.4 47.2 45.7 45.5 38.6 
3  Nonaleoholie fraction White Leghorn 7 3 108.0 105.0 238.9 156.0 221.2 148.6 
Control White Rocks 8 4 130.1 104.0 263 169 20.2 16.2 
4 Aleoholie fraction White Rocks 6 4 118.7 121.0 20.6 16.5 17.4 13.6 
4 Nonaleoholie fraction White Rocks 8 2 122.8 119.0 753 47.1 614 39.5 


cent absolute ethyl alcohol. Elution with a particular solvent or solvent mixture 
was continued until no further material was removed from the column. The 
eluates were evaporated to dryness under diminished pressure and the residues 
bio-assayed. 

Results of chromatographic separation. Androgenic activity was evident in 
the ethanol-carbon tetrachloride (2:1000) eluate (Table 4), and the average 
weight of this eluate from the four lots of feces was 78 mg. The androgenic 


fractions were obtained in a partly crystalline form possessing a slight yellowish- 


green color. 

The ethanol-carbon tetrachloride (2:1000) solvent mixture caused a narrow 
yellow-green band to move slowly down the column. This band served as a very 
sensitive indicator for removal of the androgen. Elution with a volume of the 


TABLE 4 
Biological estimation of the androgen in the fractions resulting from the chromatographic 
separation of the neutral ketonic nonalcoholic fractions 


Comb. wt. 

Av. Av. / 100 g. 

Lot Breed of No. of body wt. comb. wt. body wt. 

No. Fraction chicks chicks (g.) (mqg.) (mg.) 

MF M F M iy M F 
Control White Rocks 5 5 109.2 838.0 224 125 205 149 
2* Carbon tetrachloride White Rocks 8 2 1086 1006 211 185 20.3 13.4 
2 EtOH-CCl (1:1000) White Rocks 19 1300 883 277 WS 23 
2 EtOH-CCl, (2:1000) White Rocks 9 1 109.7 119.0 54.1 72.9 49.4 61.3 
2 EtOH-CClL (1:100) White Rocks ee 99.7 80.7 16.3 9.4 16.4 11.7 
Control White Leghorn 2 7 99.5 103.9 73.9 37.0 743 35.6 
3  Carbontetrachloride White Leghorn 7 101.3 122.7 45.3 37.7 44.7 30.7 
3 EtOH-CC], (1:1000) White Leghorn 4 6 104.2 113.5 47.8 42.3 45.8 37.3 
3 EtOH-CChL (2:1000) White Leghorn 6 4 121.8 113.5 228.1 158.7 187.2 139.8 
3 EtOH-CCl, (3:1000) WhiteLeghorn 5 5 130.4 107.2 90.2 534 69.1 49.8 
3 EtOH-CCl, (1:100) White Leghorn 6 4 118.8 130.3 85.0 52.6 71.6 40.4 
Control White Rocks 5 5 1092 838.0 224 125 205 149 
4” EtOH-CChL (2:1000) White Rocks 3 7 112.3 1046 56.7 63.1 505 60.4 


* EtOH-CCL, (3:1000) eluate not collected in this lot. 
» Only eluate assayed from lot 4. 
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solvent mixture sufficient to remove the pigment also effected removal of the 
androgen. Although elution of any given compound from a chromatogram with 
a particular solvent or solvent mixture is influenced by the impurities which 
accompany the compound, identical experimental procedures and conditions as 
reported in this paper will result in the elution of an active androgenic extract 
with the ethanol-carbon tetrachloride (2:1000) eluant. 


DISCUSSION 


Longwell and Gassner (13) have reported the adsorption of the acetylated 
neutral ketonie fraction from dried cow feces on a chromatogram of alumina 
and the consequent elution of an active androgenic extract with eluants con- 
taining benzene. The results presented in this paper corroborate the neutral 
ketonic nature of the androgenic factor; but, because of the inactive alcoholic 
fraction reported herein, acetylation involving a hydroxyl group could not be 
verified. 

Results have been presented in a previous paper (15) indicating the un- 
conjugated nature of the fecal androgen. Therefore, there seems to be little 
likelihood that the inactive aleoholic fraction was due to the existence of the 
androgen in the form of an esterified conjugate. To obtain further evidence 
as to the state of conjugation of the fecal androgen, several extracts of the dried 
feces were subjected to acid hydrolysis by the method previously described (15). 
The androgen in the hydrolyzed extracts followed the same separation pathway, 
i.e., neutral ketonic nonalcoholic, as in the nonhydrolyzed extracts. These inactive 
alcoholic fractions from the hydrolyzed extracts substantiate the previous sug- 
gestion that fecal androgen is excreted in an unconjugated form. If the androgen 
had been conjugated, the hydrolytic treatment would have produced a free 
hydroxyl group and an active alcoholic fraction. 

Steroid hormones have been demonstrated in the bile of several mammalian 
species (2, 10, 11, 19). This suggests the possibility that a biliary androgen 
might be the source of the fecal androgen. Pasehkis et al. (17) administered 
single intravenous injections of androgens to dogs with biliary fistulas, and de- 
tected androgens in the escaping bile. Pearlman (18) has presented evidence 
of an estrogen actually entering the digestive tract of the dog by passage from 
the blood stream through the intestinal mucosa. That the androgen may have 
a similar pathway in the cow is indicated by the report of Gassner et al. (8) 
of the isolation of an androgenic compound from the bovine adrenal vein. <Al- 
though it has been suggested that the microorganisms of the digestive tract 
might synthesize the androgens from steroid preeursors, the fact that dairy 
bulls, sheep, and goats produce manure containing very little androgen leads 
us to discount this as a possible source (22). Riley and Hammond (21) have 
reported that cows with or without access to pasture excreted androgen in 
similar concentrations; however, Casady et al. (3) reported that with a con- 
centrate diet alone the androgenic activity was reduced to one-third or one- 
fourth that excreted on a roughage diet. 

Steroid hormone metabolites are known to be excreted in urine in a water- 
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soluble conjugated form. The sulfate is the only known mode of conjugation 
of urinary androgens (14, 16, 23). The absence of an hydroxyl group for the 
biochemical esterification of the androgen as a sulfate and consequent elimina- 
tion as a water-soluble urinary conjugate may explain the need for the exeretion 
of the steroid into the feces. 

Information as to the metabolism and pathway of exeretion of steroid 
hormones has been obtained by administering known amounts of erystalline 
hormones and isolating the steroids which subsequently appeared in the urine 
(4, 20). In such experiments, large amounts of material are unaccounted for (7). 
Koch (12) has commented that the low recovery from the urine of a given 
steroid after the administration thereof, or of a possible precursor, may be due 
in part to losses by way of the intestines. Recently, it was shown by Grady 
et al. (10) in a study of progesterone-21-C'* metabolism that about three- 
fourths of the injected progesterone or its metabolites is eliminated in the feces 
and that most, if not all, of these materials are carried to the intestine by the bile. 

The material at hand presents evidence of an unconjugated, nonalcoholic, 
ketonic androgen in bovine feces. This observation suggests that the intestines 
provide a convenient pathway for the elimination from the body of androgenic 
hormone metabolites which are unconjugated and nonalcoholic. 


SUMMARY 


A systematic process for the fractionation and purification of extracts con- 
taining the androgenic factor of dried cow feces has been developed. The 
process identifies the properties and functional groups of the androgen molecule. 
The process described includes the following methods: (a) the collection, desic- 
cation, and extraction of the feces; (b) the separation of the ether-soluble 
material into acidic and neutral fractions; (c) the separation of the neutral 
fraction into ketonic and nonketonie fractions; (d) the separation of the neutral 
ketonic fraction into alcoholic and nonalcoholic fractions; and (e) the chro- 
matographie¢ separation of the neutral ketonic nonalcoholic fraction. 

Further evidence is presented substantiating the previous suggestion that 
fecal androgen is excreted in an unconjugated form. It is suggested that the 
absence of an hydroxyl group for biochemical esterification of the androgen and 
consequent excretion as a water-soluble urinary conjugate may explain why 
the androgen is excreted into the feces. 
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STUDIES ON THE USE OF PERMANENT MILK PIPELINES 
IN DAIRY BARNS 


Il. MILK QUALITY AS AFFECTED BY TYPES OF INSTALLATION 
AND SANITATION PROCEDURES 


M. H. ALEXANDER, W. O. NELSON, ano E. E. ORMISTON 
Department of Dairy Science 
University of Illinois, Urbana 


Permanent pipelines have been introduced into the dairy industry as a 
means of increasing operating efficiency and of reducing operating costs. Wide- 
spread acceptance of permanent milk pipelines by the dairy plant operator, 
the dairy farmer, and the milk regulatory official largely is dependent upon 
the efficiency with which the pipeline can be cleaned in position. 

Milk pipelines in Danish pasteurization plants have been effectively cleaned 
in position without daily dismantling (3). A similar procedure has been used 
in Dutch dairy factories (5). Moore et al. (4) reported that there was no 
measurable contamination of milk as a result of milk transfer through per- 
manent pipelines installed in a dairy manufacturing plant. The pipelines 
could be cleaned in place, and lines of stainless steel or glass were equally 
satisfactory from the sanitation aspect. 

Alexander et al. (1) studied the quality of milk produced under four differ- 
ent systems of milk handling at the farm level. The results of that study in- 
dicated that iailk of acceptable quality was produced with either an open 
combine system, a closed combine system, a conventional milking machine and 
manual carry-away system, or a permanent cow-to-cooler pipeline system. Vari- 
ations in the data emphasized the importance of personnel as a factor in the 
production of quality milk when in-position chemical cleaning of the cow-to- 
cooler system was employed. 

Although the milk processing plant and the dairy farm share mutual sani- 
tation problems and procedures, the nature of the dairy farm operations and 
the sources of variations therein necessitate obtaining precise experimental 
data regarding use of permanent pipelines at the farm level. Accordingly, it 
is the purpose of this paper to report data obtained in a series of experiments 
designed (a) to compare the quality of milk handled through permanent stain- 
less steel or Pyrex glass pipelines with that obtained by milking machine and 
manual ecarry-away procedure, (b) to determine the effect of in-position cleaning 
and daily dismantling of a pipeline on milk quality, and (c) to determine 
whether or not milk pipelines could be sanitized effectively without dismantling, 
once they have become highly contaminated as the result of improper cleaning 
methods. 

EXPERIMENTAL 


The first portion of this study was concerned with the use of a stainless steel 
pipeline, a Pyrex glass pipeline, and a control conventional milking machine 
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system on 24 Holstein cows milked in a conventional stanchion barn. In the 
pipeline systems, the milk was drawn by vacuum directly from the milker unit 
through the pipeline and delivered inte a cold-wall tank for cooling and storage. 
Conventional machine milking and manual removal of the milk from the barn 
area were used in the control system. Cooling and storage were accomplished 
in the same cold-wall tank. Details of the pipeline and conventional systems 
have been described previously (1). 

Season. Observations were made during three different periods of 6 weeks’ 
duration selected to include summer, fall, and winter conditions. The three 
systems of milking were used on successive days during the test periods, so 
that two observations on each system were made during each 6-day work week. 
The pattern of succession was broken at the end of each 3-day cycle in order 
to avoid the formation of confounding habit patterns by the operators. 

Cleaning milker units. A standardized clean-up procedure was used in the 
three systems. The milker units were dismantied completely after each milking 
and cleaned by a routine procedure which included rinsing with water at about 
90° F., washing with a hot (120° F.) mildly alkaline synthetic detergent 
solution, and sanitizing in cool water which contained 200 p.p.m. chlorine. The 
teat cup units were reassembled and filled with 0.5-per cent sodium hydroxide 
solution for wet storage on a rack. The remaining parts of the milker units were 
placed in a drying cabinet in which the temperature was raised to 185° F. At this 
temperature the heat was automatically turned off and allowed to dissipate 
between milkings. An organic acid detergent solution replaced the alkaline 
synthetic detergent after each fourth milking during the course of this study. 

Cleaning pipelines. The pipelines were cleaned in position by a similar 
procedure. The warm water rinse was followed by a synthetic detergent wash, 
after which the pipes were sanitized with hot water. An organic acid detergent 
was used after every fourth milking. Prior to milking, the milker units were 
reassembled and attached to the pipelines, and the entire system was rinsed with 
a 200-p.p.m. chlorine solution. 

The sanitizing reagents used throughout this study are commerciaily com- 
pounded materials recommended for use in dairy operations. The reagents 
were used in accordance with the instructions of the manufacturer. The mildly 
alkaline synthetic detergent had a high anionic and nonionic wetting agent 
content fortified with polyphosphates. The low dissociation organic acid deter- 
gent containing a mixture of wetting agents was used to prevent milk-stone 
deposition. 

Pipeline rinsing was accomplished by drawing 15 gal. of clean water at 
100° F. through the pipeline assembly. The rinse water was not recirculated 
in the system, and approximately 5 minutes were required for this operation. 
The discharge rinse water ran clear in approximately 214 minutes. 

Twenty gal. of synthetic detergent solution at 140-144° F. were recireulated 
and surged through the pipeline assembly for approximately 8 minutes. The 
temperature of the detergent solution dropped 15 to 18 degrees during this 
period. The pipeline then was sanitized by drawing 12 gal. of 185-190° F. water 
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through the assembly. This operation required approximately 314 minutes, 
during which time the water temperature dropped to 150-152° F. The hot 
water was not recirculated. 

The acid detergent, when used, was employed in a manner similar to that 
used for the alkaline synthetic detergent. The 20-gal. chlorine (200 p.p.m.) 
rinse required from 5 to 514 minutes. The sanitary valves on the pipeline used 
to attach the milker units to the system were brushed out with the chlorine 
solution before use. 

Sampling. The evening milk was stored overnight in a cold-wall tank at 
38° F. and sampled immediately prior to the addition of the morning milk. A 
composite sample was taken after the evening milk and morning milk were well 
mixed. The 150-ml. samples were collected in sterile 0.5-pt. milk bottles and 
packed in ice for transport to the laboratory. 

In-Position Cleaning vs. Dismantling. A second portion of this study was 
conducted on a stainless steel pipeline installation in a milking parlor at another 
location. This installation was described in a previous report (1). In the 
present study, the line was cleaned alternately in position and dismantled, 
using the methods previously deseribed. Cooling was accomplished in a wet- 
tank cooler. Composite morning and composite evening samples were taken 
as described. 

The sanitary quality of the milk was determined by the standard plate count 
procedure (2), and the results were summarized as logarithmic averages (2) in 
order to evaluate quality trends. The experimental data were subjected to an 
analysis of variance (6) in order to evaluate the sources of variation in the 
first two experiments. 

RESULTS 


Table 1 shows a summary of the average plate count of milk produced under 
the three systems of milk handling during three different seasons. An analysis 
of variance of the individual values showed that there were no significant 
differences in the quality of milk produced with the three different methods of 
handling. Similarly, there were no significant differences in quality between 


TABLE 1 
Conventional machine milking vs. handling milk through permanent pipelines 


Av. standard plate count * 


No. of 

(composite ) obser- 

Dates Milking system P.M. A.M. vations 
June 11, 1951 Conventional 14,500 11,000 24 
through Stainless steel pipeline 25,000 38,000 24 
July 20, 1951 Pyrex glass pipeline 14,500 33,500 24 
Sept. 10, 1951 Conventional 14,500 15,500 22 
through Stainless steel pipeline 6,800 12,500 23 
Oct. 19, 1951 Pyrex glass pipeline 15,500 18,500 24 
Dee. 10, 1951 Conventional 7,200 9,400 22 
through Stainless steel pipeline 12,500 13,500 22 
Jan. 18, 1952 Pyrex glass pipeline , 14,000 16,000 20 


“ Logarithmie average for raw milk. 
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the morning and night samples. The differences in milk quality between seasons 
were not significant. However, the differences in quality between weeks within 
seasons were highly significant. The differences in milk quality attributed to 
the system by season interaction were statistically significant. The results 
summarized in Table 2 show the range of the plate counts of the samples of milk 


TABLE 2 
Range of plate counts of raw milk handled by three different systems 


Range Conventional Stainless steel Pyrex glass 
of manual carry-away pipeline pipeline 
ecount/ml. Summer Fall Winter Summer Fall Winter Summer Fall Winter 


No. of samples falling in given range 


Less than 50,000 20 17 21 15 22 21 14 18 18 

51,000-100,000 1 3 1 2 1 1 3 4 2 
101,000-150,000 9 0 0 2 0 0 3 0 0 
151,000-200,000 6 i) 0 1 0 0 1 0 0 
201,000-250,000 1 ti 0 ( 0 0 1 0 0 
251,000-300,000 0 2 0 2 0 0 2 2 0 
301,000-250,000 i) a 0 2 0 0 0 0 0 

Summer—June 11 to July 20 


Fall—Sept. 10 to Oct. 19 
Winter—Dee. 10 to Jan. 18 


produced with the three systems of milk handling. The data support the 
previous observation that permanent pipelines are suitable for the handling of 
milk on dairy farms (1). The data also confirm the observation (4) that stain- 
less steel and glass pipelines cleaned in position are equally satisfactory from 
the sanitation standpoint. 

Table 3 shows the results obtained when a milk pipeline was either cleaned 
in position or disassembled after each milking for alternate periods. During 
periods 1, 3, 5, and 7 the milk was not strained; it was strained during periods 
2, 4, 6, and 8. An analysis of variance indicated that no significant differences 


TABLE 3 


Effect of cleaning milk pipelines assembled and disassembled 
on standard plate count of raw milk 


Disassembled Assembled 
No. ( Av. log count) (Av. log count) 
observa- 
Period tions P.M. A.M. P.M. A.M. 

1 10 11,000 16,000 
2 12 8,190 9,800 
4 12 70,000 
5 12 7,600 23,500 
6 12 actaas 14,000 12,000 
7 12 tates 11,000 18,000 
12 22,000 28,000 
9 10 25,000 85,000 | | 


11 12 3,900 3,200 


12 12 a 7,000 6,600 
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in milk quality could be attributed to straining. These results were combined 
with those obtained during periods 9, 10, 11, and 12, when the lines were cleaned 
on alternate weeks, disassembled, and assembled. An analysis of variance of 
the individual observations made during the test period showed no significant 
differences between the results obtained by cleaning the lines when completely 
assembled or completely disassembled. In 29 observations out of a total of 140, 
the standard plate count was above 50,000 per milliliter. Nineteen of these high 
counts occurred when the lines were disassembled for cleaning and ten when the 
lines were cleaned in position. The foregoing data indicate that milk of ae- 
ceptable quality was produced when permanent pipelines were cleaned in posi- 
tion by means of adequate routine sanitation procedures. 

The following experiment was conducted to measure the effect of improper 
cleansing procedures on milk quality and to determine whether or not a highly 
contaminated milk pipeline could be cleaned and sanitized effectively without 
completely disassembling the unit. 

Excessive contamination was built up in the pipeline by omitting portions of 
standard sanitation operations. The incorrect procedures used are listed in Table 
4. In some instances the line was rinsed only with water after milking, and in 
others it was rinsed and washed but not given a bactericidal treatment. After the 


TABLE 4 
Effect of various steps of sanitizing permanent pipelines on standard plate count of milk 


Plate count per ml. 


A.M. 

Treatment Date Raw Past." Raw Past.* 
6-4-52 127,000 2,200 95,000 4,100 

Rinsed with water (90° F.) 6-5-52 120,000 1,300 116,000 3,000 
6-6-52 180,000 12,400 510,000 33,000 

Rinsed with water, 6-10-52 17,000 1,000 390,000 6,800 
Washed with detergent, 6-11-52 = 2,000,000 4,000 2,200,000 15,000 
Rinsed with water 6-12-52 1,620,000 46,000 1,600,000 45,000 


6-13-52 2,020,000 200,000 1,860,000 190,000 


6-16-52 1,520,000 110,000 1,280,000 135,000 
6-17-52 1,750,000 142,000 1,890,000 400,000 
Rinsed with water 6-18-52 3,900,000 
6-19-52 3,900,000 980,000 5,600,000 830,000 
6-20-52 3,400,000 1,030,000 4,800,000 940,000 


Rinsed with water, 6-23-52 527,000 8,600 72,000 6,000 
Washed with detergent, 6-24-52 168,000 
Sanitized with chlorine (200 p.P.M.) 6-25-52 58,000 3,900 

7-1-52 1,500,000 33,200 1,960,000 102,000 

Rinsed with water 7-2-52 2,930,000 357,000 3,250,000 325,000 

7-10-52 —-29,300 500 4,000 500 

7-11-52 7,800 100 6,700 400 


Sanitized with water (185° F.) 


* Laboratory pasteurization at 143° F. for 30 min. 
.. Samples not received in laboratory 
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line was thus highly contaminated, as judged by the bacteriological quality of the 
milk, complete sanitation operations were resumed. 

The results presented in Table 4 show that the pipeline was restored to a 
satisfactory bacteriological condition when a complete sanitizing routine was 
resumed. This effect was achieved by the use of either chlorine (200 p.p.m. ) 
solution or hot water as the sanitizing agent. It was not necessary to disassemble 
the pipeline for cleaning in order to reduce the total and thermoduric plate counts 
of the milk to acceptable levels. 

These data also suggest that under the same conditions permanent milk pipe- 
lines may become an important source of thermoduric bacteria in milk. The 
importance of complete and adequate care of pipelines in milk handling opera- 
tions is emphasized by these results. 


SUMMARY 


There were no significant differences in the bacteriological quality of milk 
handled either by conventional methods or through permanently installed pipe 
lines constructed of either stainless steel or Pyrex glass. 

Similarly, the quality of milk handled through a stainless steel pipeline 
cleaned in position did not differ significantly from the quality of milk handled 
through the same system when the pipeline was disassembled for cleaning after 
each milking. 

Improperly cleaned and sanitized pipelines may constitute an important 
source of general and thermoduric contamination of raw milk. Milk pipelines 
were sanitized effectively by the use of procedures which included either chlorina- 
tion or hot water (185° F.) as the germicidal agent. 

A milk pipeline which was allowed to become excessively contaminated through 
the use of inadequate sanitation procedures was readily restored to a satisfactory 
bacteriological condition by a resumption of correct rinsing, washing, and sani- 
tizing operations. It was not necessary to disassemble the pipeline in order to 
achieve this result. 
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Available data on the exeretion of the methoxy analog of DDT [1, 1, 1 - tri- 
chloro - 2, 2 bis (p-methoxypheny]) ethane] in the milk of dairy cows is extremely 
limited. An increase in the use of methoxychlor on forage crops intended for 
dairy cattle feeding makes it desirable to study the residues of methoxyehlor on 
forages after treatment with various formulations and to ascertain the extent of 
methoxychlor excretion in the milk of animals fed these forages. 


Biddulph et al. (3) dusted alfalfa hay with 1, 2, and 2.8 lb. of methoxychlor 
per acre and harvested forage having 7, 9.5, and 14 p.p.m., respectively, of 
methoxychlor residue on the hay. Methoxychlor was not detected in the blood, 
milk, or selected tissues of the cows fed these hays. These data indicate that 
methoxychlor is not excreted in the milk at levels of feeding which would result 
in the excretion of DDT in the milk when feeding comparable DDT intakes 
(1, 2, 5, 6, 9, 10, 11, 13, 16, 17, 19, 21). 

Methoxychlor has a much lower order of toxicity than DDT (14, 18, 20). 
Lehman (15) reported that methoxychlor was ‘‘one of the safest of insecticides 
because of (a) little or no effects at high levels of chronic feeding, (b) little or no 
storage in fat.’? Methoxyechlor has been shown to be less persistent in soil than 
toxaphene or parathion (4). 

The object of this study was to determine if methoxychlor could be detected 
in the milk of cows fed alfalfa hay that had previously been sprayed in the field 
with methoxychlor. Additional studies were made to ascertain the approximate 
daily intake of crystalline methoxychlor dissolved in soybean oil that would be 
necessary to detect methoxychlor excretion in the milk of dairy cows. 


EXPERIMENTAL PROCEDURE 


Approximately 4 aeres of alfalfa hay were sprayed on July 18, 1950, with 
0.5 lb. of methoxychlor per acre and a comparable plot was sprayed with 1.0 lb. 
of methoxychlor per acre on July 17, 1950. The hay on both plots was cut on 
July 18, 1950, field-baled, and stored until fed to four milking cows during the 
winter of 1950-1951. 

Similar plots of alfalfa were sprayed on May 16, 1951, with 0.48 Ib. and 1.94 
Ib. of methoxychlor per acre. These hays were cut 8 days after spraying, field- 
baled, and stored until fed to four milking cows during the winter of 1951-1952. 
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The sprays were applied with a weed sprayer which delivered about 5 gal. 
per acre at a pressure of 40 lb. per square inch. 

The animals selected for this study were normal, healthy milking cows. 
Liveweights of the animals were recorded on two successive days at 10-day 
intervals. All animals were fed a few pounds of hay daily in excess of their 
average daily consumption. Daily records were kept of the amounts of feeds fed 
and refused and the amount of milk produced. Varying amounts of a milking 
herd grain mixture were fed, depending upon the level of milk production. A 
sample of hay was taken from each bale fed and composited for each 10-day 
period of feeding. An aliquot of the milk produced by each animal for 2 days 
during each 10-day period was taken for methoxychlor and butterfat analysis. 

Crystalline methoxychlor was fed as a 10-per cent solution in soybean oil at 
eight different levels of intake for 50 to 70 days to each cow following the feeding 
of the methoxychlor sprayed hays. While receiving the crystalline methoxychlor 
in soybean oil, the cows were fed a control hay containing no insecticide residue. 

Methoxychlor residues on the hays fed were caleulated from the organic 
chlorine content determined by the method of Carter and Hubanks (7). Deter- 
minations of the methoxychlor content of the milk were made according to the 
method of Claborn and Beckman (8). The butterfat content of the milk was 
determined by the conventional Babeock method. 


RESULTS AND DISCUSSION 


The average methoxychlor residues on the alfalfa hay when fed were 16.1 and 
31.5 p.p.m. on the hays sprayed with 0.5 and 0.48 lb. of methoxychlor per acre 
in 1950 and 1951, respectively. The average methoxychlor residues were 91.6 
and 109.0 p.p.m. on the hays sprayed with 1.0 and 1.94 lb. of methoxychlor per 
acre in 1950 and 1951, respectively. The results of feeding these methoxychlor- 
containing hays are presented in Table 1. The length of feeding period for each 
lot of hay ranged from 40 to 80 days. Estimated methoxychlor intakes were 
calculated from the average daily hay consumed by each animal and the averge 
methoxychlor concentration on the hay fed. Individual animal intakes ranged 
from 116 to 233 mg. daily when the animals were fed the hays sprayed at the 
level of approximately 0.5 lb. per acre. From 662 to 980 mg. of methoxychior 
daily were ingested when the animals were fed the hays sprayed with approxi- 
mately 1.0 lb. of methoxychlor per acre, and from 644 to 1035 mg. of methoxychlor 
daily were ingested when the hay sprayed with 1.94 lb. per aere was fed. 

No methoxychlor was detectable in the milk of any of the cows fed these four 
lots of hay, and no physiological effects on the animals were observable while 
feeding these hays. 

The results of feeding various dosages of methoxychlor in soybean oil to 
milking dairy cows are shown in Table 2. Eight different daily intakes of 
methoxychlor for 50 or 70 days duration were studied by this method. From 1 
to 15 g. of methoxychlor daily were fed. No methoxychlor was detectable in the 
milk when dosages as high as 6 g. of methoxychlor per day were fed. When 
dosages of 8, 10, 12, and 15 g. of methoxychlor daily were fed, the methoxychlor 
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TABLE 1 
Summary of results of feeding Methoxychlor sprayed hay to dairy cows. 
Average Average 
Feeding daily hay Methoxychlor daily Methoxychlor 
Animal period consumed on hay milk in milk 
(Days) (Ub.) (p.p.m.) (mg. daily) (lb.) (p.p.m.) 

1950-51 

Feeding 

N159 60 23.3 16.1 169.9 23.9 0 
N650 60 17.6 16.1 128.3 18.2 0 
N652 60 18.5 16.1 135.1 18.4 0 
N653 60 15.9 16.1 116.2 18.1 0 
N159 80 23.6 91.6 979.6 21.4 0 
N650 80 16.6 91.6 689.4 16.8 0 
N652 80 18.2 91.6 753.5 14.3 0 
N653 80 15.9 91.6 661.9 13.5 0 
1951-52 

Feeding 

N652 40 18.2 31.5 217.4 27.8 0 
N653 40 16.5 31.5 233.1 29.8 0 
N666 40 16.0 31.5 228.8 18.8 0 
N667 40 12.9 31.5 184.5 13.2 0 
N652 60 20.9 109.0 1034.5 24.2 0 
N653 60 13:7 109.0 876.2 21.1 0 
N666 60 17.9 109.0 886.1 14.8 0 
N667 60 13.0 109.0 643.5 11.5 0 

TABLE 2 


Summary of results of feeding crystalline methoxychlor in soybean oil to dairy cows. 


Average 


Feeding Methoxychlor daily Methoxychlor Dose 
Animal period fed daily milk in FCM excreted 
(Days) (g-)  (p.pm.)* (mg./kg.)” (p.p.m.) (mg. daily) (%) 
N653 70 1 108 2.9 11.3 0 
N652 70 2 186 5.1 12.7 0 
N650 70 4 385 11.0 14.2 0 
N159 70 6 447 11.7 20.4 0 
N652 50 8 573 19.3 18.6 0.18 18.6 0.23 
N653 50 10 791 26.7 15.7 0.27 27.5 0.28 
N666 50 12 1086 37.1 12.4 0.44 31.9 0.2 
N667 50 15 2049 50.2 10.8 1.16 72.9 0.48 


“ Methoxychlor intake calculated as p.p.m. of the feed consumed. 
® Mg. of methoxychlor fed per kg. of bodyweight. 


concentrations in the fat corrected milk (4 per cent) were 0.18, 0.27, 0.44, and 
1.16 p.p.m., respectively. This accounted for daily excretions of 18.6, 27.5, 31.9, 
and 72.9 mg., respectively, and 0.23, 0.28, 0.27, and 0.48 per cent, respectively, 
of the total dosage fed that was excreted in the milk. This is markedly lower 
than the 1.5 to 7.0 per cent of the dosage of crystalline DDT excreted in the milk 
(9, 10, 11) and the 4.8 to 22.4 per cent of the intake of DDT on sprayed forage 
that was excreted in the milk (17). 

The data in Tahle 2 indicate that daily intakes of methoxychlor greater than 
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500 p.p.m. of the feed, or approximately 19 mg. per kilogram of bodyweight, are 
necessary for detectable amounts of methoxychlor to appear in the milk with 
the methods used in this study. This is somewhat higher than the level of meth- 
oxychlor intake necessary for storage in the perirenal fat of the rat (12). The 
daily dosage of methoxychlor necessary for its appearance in the milk is approxi- 
mately one hundred times the dosage of similarly administered DDT that is 
necessary for its detection in cow’s milk (10). Lehman (14) reported that some- 
what more than twenty-four times as much methoxychlor as DDT was necessary 
for producing comparable acute oral toxicities. 

Although the available data were limited, an equation expressing the relation- 
ship between methoxychlor intake and methoxychlor concentration in the milk 
was caleulated for comparison with other insecticides. This equation is Y = 
0.0313 X — 0.53; where 

X = methoxychlor intake in mg. per kg. of bodyweight. 
Y = p.p.m. of methoxychlor in FCM. 

Only the animal receiving the highest daily intake of methoxychlor (15 g. 
daily) had detectable amounts of methoxychlor in samples of milk taken on the 
third and fourth days after discontinuing insecticide ingestion. No methoxychlor 
was detectable in milk samples taken from this animal on the 13th and 14th days 
after dosage was discontinued. 

Lehman (15) reported that in animals having approximately 30 p.p.m. of 
methoxyechlor in the body fat the methoxychlor was eliminated within 4 weeks. 
Kunze et al. (12) found that after cessation of 18 weeks’ exposure of rats to 100 
p.p.m. of methoxychlor in the diet, the loss of stored methoxychlor was complete 
within 2 weeks. 

The methoxychlor intakes for each animal receiving crystalline methoxychlor 
in soybean oil were calculated as the equivalent amount of methoxychlor in parts 
per million of the daily feed intake and also as the milligrams of methoxychlor 
daily per kilogram of bodyweight. These data and also the number of grams of 
methoxychlor fed daily are presented in Table 2. 

The calculated parts per million of methoxychior in the feed consumed by 
animal N667 (Table 2) appears somewhat high in relation to the calculated parts 
per million in the ration of the other animals if the actual methoxychlor intakes 
of each animal are considered. Animal N667, however, had a lower feed con- 
sumption per pound of body weight than the other animals. It is possible that 
50 mg. of methoxyechlor per kilogram of body weight has a depressing effect on 
the appetite of dairy cattle, but additional data would be necessary to ascertain 
this. Kunze ef al. (12) found a slight retardation in the growth of weanling 
rats following 18 weeks’ exposure to 100 p.p.m. of methoxychlor in the diet. 
Animals receiving 500 p.p.m. of methoxychlor had a marked growth retardation, 
which was accompanied by a 25-per cent reduction in food consumption. No 
effect on the growth or appetite of rats receiving 25 p.p.m. of methoxychlor in 
the diet was observable. Lehman (15) reported a slight retardation of growth 
in rats after about one vear of feeding methoxychlor at a level of 2000 p.p.m. 
in the diet. 
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SUMMARY 


Two lots of alfalfa hay were harvested in 1950 from forage sprayed with. 0.5 
lb. and 1.0 Ib. of methoxychlor per acre. The average methoxychlor residue on 
these hays as fed was 16.1 and 91.6 p.p.m., respectively. Two similar lots of 
alfalfa hay were harvested in 1951, having 31.5 and 109.0 p.p.m. of methoxychlor 
on the hays sprayed with 0.48 lb. and 1.94 lb. of methoxyclor per acre, respec- 
tively. 

No methoxychlor could be detected in the milk when hay from these four lots 
was fed to dairy cows. 

Crystalline methoxychlor administered orally as a 10-per cent solution in 
soybean oil in daily dosages which were equivalent to more than 500 p.p.m. of 
the feed consumed resulted in detectable amounts of methoxychlor in the milk. 

The milk of one cow had 1.16 p.p.m. of methoxychlor in the fat corrected 
milk while receiving crystalline methoxychlor equivalent to over 2000 p.p.m. of 
the feed consumed. 

Small percentages (up to 0.48 per cent) of the total dosages of crystalline 
methoxychlor fed were excreted in the milk. 


Approximately one hundred times as much methoxychlor as DDT must be 
administered orally for these insecticides to be detectable in the milk of dairy 
cows. 

It appears highly improbable that methoxychlor would be exereted in the 
milk of cows fed forages sprayed with recommended amounts of methoxychlor. 
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PEOPLE and EVENTS 
tn the Dairy Science World 


New Assistant Editor Appointed 


Presipent H. B. Hrenperson has announced 
the selection of E. E. Ormiston as assistant 
editor of the Journal of Dairy Science. Ormis- 
ton, a specialist in dairy 
eattle management, is 
Assistant Professor of 
Dairy Production in the 
Dairy Science Depart- 
ment at the University 
of Illinois, from which 
institution he graduated 
with highest honors in 
1935. He obtained his 
M.S. degree from Illi- 
nois in 1937. For two 
years, he was extension 
representative for the 
Ayrshire Breeders’ As- 
sociation. He is a vet- 
eran of World War IT, 
having served in the in- 
fantry in the European theatre of war. For 
several years, he has been coach of the Illinois 
dairy cattle judging team and is recognized as 
one of our leading dairy cattle judges. 


E. E. Ormiston 


Official News Gatherers 


The following members of the A.D.S.A. have 
volunteered to secure university and industry 
news for this column. Members having news 
for the column should contact their nearest rep- 
resentative. 


R. E. Hodgson—Bureau of Dairy Industry, 
U.S.D.A. 
W. J. Stull—University of Arizona 
O. T. Stalleuap—University of Arkansas 
C. A. Phillips—University of California 
W. A. King—Clemson Agricultural College 
W. Gaunya and L. Glazier—U. of Connecticut 
C. R. Richards—University of Delaware 
R. B. Beeker—University of Florida 
D. MeGlasson—University of Idaho 
F. E. Nelson—lIowa State College 
1. H. Beek—Kansas State College 
T. R. Freeman—University of Kentucky 
L. L. Rusoff—Louisiana State University 
i. E. Ramsdell—University of Maine 
J. F. Mattick—University of Maryland 
D. J. Hankinson—U. of Massachusetts 
R. C. Lewis—Michigan State College 
J. J. Jezeski—University of Minnesota 
W. J. Collins—Mississippi State College 
A. C. Ragsdale—University of Missouri 
J. A. Nelson—Montana State College 


H. P. Davis—University of Nebraska 

Kk. S. Morrow—-University of New Hampshire 
D. D. Miller —N. M. College of Agriculture 
R. P. Mareh—Cornell University (N.Y.) 

W. R. Murley—North Carolina State College 
T. L. Forster—N. D. Agricultural College 
W. L. Slatter—Ohio State College 

H. C. Olson—Oklahoma A. and M. College 
J. O. Young—Oregon State College 

D. V. Josephson—Pennsylvania State College 
*. J. Babel—Purdue University (Indiana) 

J. W. Cobble—University of Rhode Island 
Edward Oleskie—Rutgers University 

C. EK. Wylie—University of Tennessee 

G. B. Caine-—Utah State Agricultural College 
W. H. Riddell—University of Vermont 

i. C. Graf—Virginia Polytechnic Institute 
C. C. Prouty—State College of Washington 
R. A. Ackerman—West Virginia University 
H. E. Calbert—University of Wisconsin 
H. S. Willard—University of Wyoming 


5} 


Artificial Insemination of 
Dairy Cattle Increases 


Probably no recent development in the field of 
dairying has had greater impact on the industry 
than has the acceptance of artificial insemina- 
tion. That this is a popular field of investigation 
is evident by the great number of papers that 
have appeared in the Journal of Dairy Science. 
Most agricultural colleges are engaged in some 
phase of research dealing with semen preserva- 
tion or improved techniques that will result in 
increased conception rates. 

O. E. Resp, chief of the Bureau of Dairy In- 
dustry, in the 1952 annual report, cites the 
growth of artificial insemination since its be- 
ginning in this country in 1939.  Artificial- 
breeding associations now operate in 47 states, 
Alaska, and Puerto Rico. On January 1, 1952, 
there were 1648 artificial-breeding units operat- 
ing, with an enrollment of 543,397 herds, or 16 
per cent more herds than the previous year. It 
was estimated that 17 per cent of all milk cows 
in the United States were bred artificially the 
past vear, and in a few leading dairy states 
about 30 per cent of the dairy cows were bred 
artificially. 

The techniques of artificial insemination have 
been greatly improved and the influence of sires 
can be expanded by breeding an increasing 
number of cows to them. In 1943, the average 
number of cows bred per sire was 318; in 1951 
it was 1,605. Certain outstanding sires are re- 
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ported to have been used to breed from 10,000 
to 15,000 cows yearly. 

The tremendous expansion of artificial in- 
semination can be attributed to the research on 
this subject, much of which has been reported 
in the Journal of Dairy Science, and to the 
efforts of extension workers in the field. 


Oregon Short Course Held 


A total of 302 persons attended the Oregon 
Dairy Short Course and Annual Convention of 
the Oregon Dairy Industries, February 16-19 at 
Corvallis. Among the out-of-state speakers were 
J. A. Netson, Montana State College; E. D. 
McGuasson, University of Idaho; Roy Rost- 
cHavux, Brodhead, Wisconsin; N. C. ANGEVINE, 
St. Louis; C. W. Decker, Seattle; O. E. Ross, 
Chicago; E. L. ScaRAMELLA, San Francisco; and 
E. C. Scorr, Ashton, Hlinois. Dr. G. H. 
ster, director of the short course, underwent 
surgery January 21 and was unable to be 
present. 


J. 0. Almquist Visits Puerto Rico 


Dr. J. O. ALmQuist of the Dairy Husbandry 
Department, Pennsylvania State College, has 
just returned from a second trip to Puerto Rico 
where he has served as adviser in the estab- 
lishment of a government-sponsored artificial 
breeding program. The Agricultural Extension 
Service of the University of Puerto Rico is 
cooperating with the Puerto Rican Department 
of Agriculture in the organizational work, and 
it is hoped that a breeding cooperative, similar 
to those operating in the United States, will 
eventually take over. The 1950 census indicated 
that the Island had approximately 185,000 dairy 
eattle. Puerto Rico still must import $14,000,000 
worth of milk and milk products annually. It 
is hoped that the introduction of artificial 
breeding will help increase the milk production 
of the Island. 


Dr. Breed Revising Bergey’s Manual 


Students and research workers in the field of 
bacteriology will be interested to know that Dr. 
Rosert Breep is working on the seventh edition 
of Bergey’s Manual. Dr. Breed, whose home is 
6 Sunset Drive, Geneva, New York, reports 
that his health is good and that he is able to 
keep active in his work on the manual so that 
he expects to have it completed within the next 
two years. 


Vermont Holds Town and 
Country Program 


Featured speakers at the second annual Town 
and Country Days program, March 30-31, Uni- 
versity of Vermont, were Dr. C. F. HurrmMan, 
of Michigan State College, and Dr. GLENN W. 
Sauisspury, head of the Dairy Science Depart- 
ment, University of Illinois. 
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A. C. Kimry Retires 


“To try to lead the people to realize the im- 
portance of diversification in Agriculture,” was 
the goal of CHARM Kimry, Extension 
Dairyman, who retired recently after 34 years 
of service to the dairy farmers of North Caro- 
lina. A banquet was held in his honor by a num- 
ber ot fellow workers at North Carolina State 
College, and he was presented with a bound 
volume ot over 100 testimonial letters. 


Neasham Given Service Award 


In recognition of 30 years service to the dairy 
industry of the state, E. W. NeasHam, dairy 
specialist at Louisiana State University, was 
honored at an industry meeting held in New 
Orleans in February. Professor Neasham was 
presented with a scroll and a television set by 
a group representing the dairy industry of 
Louisiana. 


New Organization Formed in Kentucky 


The Kentucky Association of Milk and Food 
Sanitarians was organized at a meeting held 
on February 16, 1953, at the University of 
Kentucky. Officers of the newly-created organ- 
ization are: T. R. Freeman, University of Ken- 
tucky, president; H. L. DeLozisr, Louisville- 
Jefferson County Health Department, vice-pres- 
ident; H. B. Morrison, University of Kentucky, 
secretary-treasurer. The Kentucky Association 
will become affiliated with the International As- 
sociation of Milk and Food Sanitarians. 


Plaque Erected in Memery of 
Professor Ruffner 


The Animal Industry Club of the North Caro- 
lina State College sponsored the dedication of 
the Judging Pavilion in commemoration of 
Proressor R. H. Rurrner, retired head of the 
Dairy Husbandry Department, by arranging 
for a bronze plaque which was mounted at the 
entrance to the Pavilion. Professor Ruffner 
died October 16, 1951. 


Stewart Forms New Company 


A. P. Stewart has announced the opening of 
offices of A. P. Stewart and Associates, food 
processing consultants, at San Francisco. Dr. 
Stewart was formerly director of research for 
the Golden State Company in San Francisco. 


International Dairy Show to be 
Held in Chicago 


At a meeting held February 12, plans were 
drawn up for holding an International Dairy 
Show at the Chieago International Amphi- 
theatre, October 10-17. The new show, spon- 
sored by the Chieago Farmers Club, is a 
successor to the National Dairy Show, which 
was held last in 1941. The meeting was called 
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by Edward J. F. Young, president of the Chi- 
eago Farmers Club and a prominent Holstein 
breeder. 


Fox Appointed Field Director for A.B.A. 


Winuiam K. Fox, a graduate of Purdue Uni- 
versity in 1935, with a major in dairy manu- 
facturing, has been appointed field director of 
the American Butter Institute. Mr. Fox ob- 
tained his Master’s Degree at Michigan State 
College in 1937 and since that time has done 
milk inspection work for the city of Lansing, 
Michigan, and has acted as public relations and 
technical service advisor for Babson Bros. Co., 
Chicago, Illinois. For the past + years he has 
been membership and senior program secretary 
of the Waukegan Y.M.C.A. 


New Jersey Leaders Honored 


Proressor Enos J. Perry, dairy extension 
specialist at Rutgers University, was given the 
1953 award of merit by the New Jersey Milk 
Industry Association, Inc. The presentation was 
made by W. J. Russet, Association presi- 
dent, on January 29 at the annual banquet. 
Professor Perry’s greatest industry contribu- 
tion was the formation of the first cooperative 
artificial breeding association in the United 
States. In cooperation with the U. S. Bureau 
of Animal Industry, he has done notable work 
in the eradication of diseases of cattle in the 
20 years he has served as extension professor. 
He also has been very successful in stimulating 
the youth of his state to practice better farm- 
ing methods. 

Dr. J. W. Bartiert, head of the Department 
of Dairy Industry at Rutgers, was recently 
honored at a dinner attended by 200 guests. In 
appreciation of 30 years of unselfish service to 
the dairy industry, Dr. Bartlett was presented 
luggage and other gifts. 


Burgwald Honored by Former Students 


At the 20th annual Dairy Technology Con- 
ference held by Ohio State at Columbus, one of 
the features at the banquet was “Burgy Night” 
given in honor of Proressor L. H. BurGWALpD. 
Professor Burgwald’s former students presented 
him with a bound volume of letters of apprecia- 
tion and other tokens of their esteem. 


New Staff Members at Nebraska 


Additions to the staff of the Department of 
Dairy Husbandry at the University of Nebraska 
include R. H. Tuomas who took his training at 
Missouri and Iowa State, and Joun R. Kvrken, 
B.S., South Dakota, and M.S., Purdue Univer- 
sity. 


Public Relations Institute 


The first dairy Public Relations Institute at 
the University of Tennessee was held February 
16-17. The group was made up largely of field- 


317 


men from dairy plants, sanitarians, inspectors, 
and health officials. 


New Mexico Holds Industry Meeting 


The New Mexico State College held its 4th 
dairy short course February 16 and 17. Among 
the topics discussed were milk production costs, 
good breeding practices, and the vegetable fat 
issue. Ray A.perts of ADA discussed “The 
Dairyman’s Part in Protecting His Market.” 


Professor Mortensen Dies 


Martin Morrensen, Professor Emeritus of 
Iowa State College and former head of the De- 
partment of Dairy Industry, died at the home 
of his daughter in Houston, Texas, Mareh 13. 


News From Iowa State 


LAMBERT was appointed Instructor of 
Dairy Husbandry at lowa State College, effee- 
tive January 1. He formerly was a graduate 
student in that Department. 

A. F. Tamsma resigned February 1 as Assist- 
ant Professor of Dairy Chemistry at Iowa State 
College to accept a position with the Dairy In- 
dustry Department of the University of Cal- 
ifornia at Davis. 

JOHN SHAUL resigned his position as Exten- 
sion Dairyman (Manufacturing) at Iowa State 
College on February 1 to become executive see- 
retary of the Milk Dealers Association of Roch- 
ester, N. Y. 

A research conference on female reproduction 
in farm animals will be held at Iowa State Col- 
lege July 7, 8, and 9. The conference has been 
arranged by R. M. Metampy of Iowa State Col- 
lege, D. T. Mayer of the University of Missouri, 
and J. Merres of Michigan State College. 


Recently Completed Theses in 
Field of Dairy Science 
Master’s degree 


1. A study of the cleaning and sanitizing of 
milk pipe lines. C. J. Arnold, Virginia Poly- 
technic Institute, Blacksburg. 

2. Feed supplement containing aureomycin 
and vitamin B:. for dairy cows. Allister M. Mae- 
Kay, University of Vermont, Burlington. 

3. A study of the factors affecting the flavor 
of milk which can be detected at the receiving 
platform. Donald H. Plumb, University of Ver- 
mont, Burlington. 

4. Butterfat variations in weigh can sampling. 
Ralph E. Reed, University of Vermont, Burling- 
ton. 

5. Measures of digestion and synthesis in the 
rumen. Peter Hamilton, University of Maine, 
Orono. 

6. Methods—Time measurement analysis of 
some dairy plant cleaning operations. Guy P. 
Marley, North Carolina State College, Raleigh. 
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7. A study of some slime-producing bacteria 
isolated from cottage cheese. Paul A. Davis, 
Purdue University, West Lafayette, Indiana. 

8. Comparison of the composition, apparent 
digestibility, and the production of total diges- 
tive nutrients of various pasture grasses. John 
A. Woodruff, University of Kentucky, Lexing- 
ton. 


Method Perfected for Manufacturing 
Hydrolyzed Whey 


The Consolidated Products Co. of Danville, 
Illinois, a subsidiary of the National Dairy 
Corp., recently has announced the perfection of 
a commercial method for manufacturing hydro- 
lyzed whey. Approximately 50 per cent of the 
lactose in condensed whey is hydrolyzed by the 
enzyme lactase. The product when fed to chicks, 
broilers, and young pigs and calves at their ex- 
perimental farms near Danville has resulted in 
unusual gains. 

Another interesting product manufactured 
from milk at this plant is vinegar made by bae- 
terial fermentation of aleohol produced from 
whey lactose. Thus, science has made possible 
the utilization of a by-product of the cheese in- 
dustry which once was either returned to the 
farmer at little or no cost or dumped into the 
sewer, 


Industry Needs Strong Public 
Relations Program 


Some of our industry leaders are concerned 
about the need for educating the public as to the 
true facts about the dairy industry. Food re- 
tailers are confronted with this problem, as 
indicated by R. W. Dor, Vice-President of Safe- 
way Stores, in an address given at the 36th 
annual banquet of the Spokane (Wash.) Retail 
Trade Bureau. Mr. Doe stated that he believes 
that the aims and purposes of business are com- 
monly misunderstood, especially on retail prices 
as related to taxes, governmental controls and 
regulations, and rising labor costs. 

The American public is food price conscious. 
Since about 20 per cent of the food dollar is 
spent for dairy products, we in the dairy indus- 
try are justified in joining with Mr. Doe in 
being concerned about our public relations from 
the food retailing standpoint. In addition, we 
have the problems of milk fat substitutes and 
milk solids surpluses with their various ram- 
ifieations that need clarification with Mr. and 
Mrs. Public. The need for a suitable public 
relations program for our industry was ably 
stated by Dr. T. S. Srirrs, an economist for 
H. B. Hood & Co. of Boston, at an industry 
meeting at Yosemite Lodge, California, in May, 
1952. He said, “Except through enlightened 
public relations, there is no method by which the 
survival and future prosperity of a company 
and our American economie system can be as- 


sured.” 


Dairy Manufacturing Losing Face? 
A Guest 


We are told, by industry people in a posi- 
tion to know, that there is a dearth of college 
graduates trained for positions in dairy manu- 
facturing and dairy 
technology. casual 
survey among the col- 
leges reveals that this 
condition is likely to 
worsen, inasmuch as en- 
rollments in these cur- 
ricula are lower than in 
past years and seem to 
be decreasing. On the 
other hand, college en- 
rollments in such areas 
as engineering, physies, 
chemistry, medical sei- 
ences, journalism, and 
business are on the up- 
grade. A higher propor- 
tion of recent dairy 
graduates appears to be accepting positions as 
salesmen and technologists with machinery, 
equipment, and supply companies which sell to 
the dairy industry rather than working in the in- 
dustry proper. Discussions with graduates leav- 
ing dairy plant work, after one to ten years of 
experience, disclose the fact that most of them 
do so because of lack of future opportunity or 
because of low salaries coupled with high re- 
sponsibility and long hours. From these facts 
it appears that part of the cause for a lack of 
trained dairy personnel lies with the industry 
for not making plant work more attractive in 
comparison with other opportunities. 

Doubtless many college dairy departments 
could attract more high school graduates to 
their curricula if they would make an effort to 
familiarize high school seniors and high school 
counselors with the diversified opportunities in 
the dairy fields and the advantages of work in 
this important branch of the food industry. One 
means of doing this is by the preparation of a 
suitable brochure on the subject for distribution 
to the high schools and most particularly to the 
schools which feature “career nights” for the 
benefit of their forthcoming graduates. Career 
nights in secondary schools are increasing in 
number and importance. Colleges, through their 
alumni, and industries and professions, through 
members, are not only furnishing cireulars and 
pamphlets for use on such oceasions, but are 
providing representatives who can talk person- 
ally with interested boys and girls. College 
dairy departments, with the support and co- 
operation of industry, might well reverse the 
present trend of enrollment in the dairy schools 
by making concerted efforts of this sort. 

F. J. Doan 
Professor of Dairy Manufactures 
Pennsylvania State College 


F. J. Doan 
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Prepared in cooperation with the 
International Association of Ice Cream Manufacturers 
and the Milk Industry Foundation 


BOOK REVIEWS 


190. Techniques of Dairy Plant Testing. 
Emery F. Goss. The Iowa State College Press, 
Ames. 350 pp., 52 illustrations. $5.00. 1953. 

This text is an exeellent one for use as a 
laboratory guide in the first course in dairy 
product testing given to either 4-year dairy 
technology students or short-course personnel. 
Technicians in dairy plant control laboratories 
will also find it to be an excellent reference 
for proper testing procedures. The common 
methods for fat and total solids determination 
in dairy products, as well as those used in 
lactometry, sediment testing, milk grading with 
methylene blue and resazurin and pasteuriza- 
tion efficiency by phosphatase determination, 
are presented. 

Desirable features in the organization and 
presentation of the testing procedures are: 
separate listing of all reagents and apparatus 
required; a step-by-step description of the 
test; and a detailed discussion of the reasons 
for performing the test as outlined. The author 
believes that if the technician has an adequate 
understanding of the principles of the test, he 
will be better able to acquire satisfactory 
results. The style is clear and direct. However, 
strength would have been gained by omitting, 
in some cases, elementary details and adding 
a more advanced discussion of principles in- 
volved. In the treatment of pH determinations 
of dairy products, no discussion of the glass 
electrode is given, but the quinhydrone elec- 
trode procedure and colorimetric pH measure- 
ments are presented. 

Complete indexing and references to the 
original literature pertaining to each test add 
to the value and usefulness of the volume as 
a text. It is printed in an easy to read type 
and bound with buckram. S. L. Tuckey 


191. Detergents — What They Are and What 
They Do. D. Price, Technical Director, Oakite 
Products, Ine. Chemical Publishing Co., Ine., 
N. Y. 159 pp. $4.00. 1952. 

Dr. Price has presented a highly technical 
subject in terms readily understandable to the 
nontechnically trained person and at the same 
time has retained sufficient technical detail to 


interest anyone having a scientific background. 
The author defines dirt as “matter in the wrong 
place” and detergents as “cleansing agents.” 
The newer detergents, or surface active agents, 
act on dirt in much the same manner that 
soap does. These substances differ in that the 
former contain a hydrophobie molecule con- 
sisting of a petroleum compound and a hydro- 
philic molecule derived from sulphuric acid, 
whereas soap contains the long, straigkt chain 
hydrocarbon portion of fat as the hydrophobic 
group and the acidie carboxy group of the fat 
as the hydrophilic group. Surface active agents 
are divided into anionic, cationic, and nonionie 
groups. The chemistry of dirt removal by 
detergents is ably presented in a chapter en- 
titled, “What detergents do.” Of some 700 
trade-name products, the majority belong to 
the anionie group, which consists of three 
types: the alkyl-aryl sulfonates, the fatty aleo- 
hol sulfates, and the “blocked” carboxyl com- 
pounds. The nonionic group of detergents is 
the newest from a developmental viewpoint; 
they are unaffeeted by hard water, acids, or 
alkalies and do not foam; they oceur as pastes 
or heavy liquids and, therefore, must be used 
in the form of water solutions which are less 
convenient to handle and mix. The role of 
soap builders, such as soda ash and sodium 
metasilicate, is discussed in order to present a 
complete picture of detergent action. 

Household detergents are classified into four 
major groups: (1) soap products, (2) nonsoap 
packaged cleaners, (3) abrasive cleaners, and 
(4) synthetic detergents. The last group is 
subdivided into light-duty and heavy-duty de- 
tergents; these are discussed at considerable 
length. The use of optical bleaches or whiten- 
ing agents is mentioned. In the industrial field, 
cleaning constitutes a very important opera- 
tional procedure, which has been aided by the 
use of detergents. Some new developments in 
this area are emphasized. 

The testing and choosing of a detergent for 
household. or industrial use are discussed; the 
author maintains that the product must be 
geared to the task it is to perform and gives 
some practical suggestions for choosing such 
a detergent. The last chapter looks into the 
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future and presents some of the problems 
brought about by the use of detergents, as well 
as some of the newer possibilities. The need 
for basic chemical research is indicated. 

From the viewpoint of the specialist, the 
chemistry of the surface active agents has been 
oversimplified, and as a result some statements 
are misleading. The empirical methods used to 
evaluate a detergent are those which were de- 
veloped to meet the requirements of the textile 
industry; no tests are given for evaluating de- 
tergents for use in the dairy and food indus- 
tries. The book is well written on good grade 
paper and contains diagrammatic pictures to 
aid in deseribing the complicated chemistry of 
detergents. The witticism of the author pro- 
vides enjoyable reading. This book should be 
of general interest to students of chemistry and 
home economies, sales personnel, and any other 
persons having a sanitation or cleaning prob- 
lem. O. W. Kaufmann 


192. Handbook for the Etiology, Diagnosis 
and Control of Infectious Bovine Mastitis. 
I. A. Mercuant anp R. A. Packer. Burgess 
Publishing Co., Minneapolis, Minn. 85 pp. 
$2.00. 1952. 

Predisposing factors, bacteriology, diagnosis, 
control, and treatment are covered in successive 
chapters. The material is brief and to the point. 
A considerable number of references, including 
some up to early 1951, is included for those 
who wish more detailed information. The view- 
point is primarily for the veterinarian, but all 
concerned with the production or handling of 
milk will find material of interest and value. 
The relationship of antibiotics used for mas- 
titis treatment to retarded acid development in 
cheese and other products is not discussed; 
one sentence cautions against marketing of 
milk until 72 hours after treatment, but no 
reasons for the simple statement are presented. 

F. E. Nelson 


CHEESE 
S. L. TUCKEY, SECTION EDITOR 
193. Cheese mite infestation. Puyiuis L. 
Ropertson, Pest Infestation Lab., London 
Road, Slough, Bucks. J. Soe. Dairy Technol., 
5: 86-95. Jan., 1952. 

The life history of cheese mites and the 
effect of temperature and other storage condi- 
tions on the rate of development of mites on 
fresh cheese are described. The time required 
to develop from egg to adult may be several 
months at 40° F.; it is 4 to 5 wk. at 60° F., 
but at 75° F. it is only about 2 wk. Mite devel- 
opment on Stilton cheese is particularly rapid 
beeause of the open texture, the high humidity, 
and the relatively high ripening temperature, 
which is 60° F. or above. To prevent mite 
infestations the following steps are recom- 
mended: (1) careful inspection of cheese at 
time of storage to avoid the introduction of 
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mites; (2) thorough cleaning of shelving at 
frequent intervals; and (3) coating the cheese 
surface with paraftin; this serves as a mechani- 
cal deterrent but is not complete protection. 
Fumigation with methyl bromide is recom- 
mended to eliminate existing infestations. 

E. W. Foster 


CONDENSED AND DRIED MILKS: 
BY-PRODUCTS 


F. J. DOAN, SECTION EDITOR 


194. Falling film evaporator with subjacent 
separating chamber. EK. A. ScuiuT (assignor 
to Zaremba Co.) U. S. Patent 2,624,401. 1 
claim. Jan. 6, 1953. Official Gaz. U. 8S. Pat. 
Office, 666, 1: 158. 1953. 

A yacuum pan for concentrating liquids. A 
pump draws the product out of the bottom of a 
reservoir and lifts it to the top of a tube-chest 
type of heater, while the product falls in a 
film into a separating chamber situated directly 
on top of the reservoir, A vacuum line with- 
draws the noncondensable hot gases and water 
vapor from the separating chamber and allows 
the condensed product to flow down into the 
reservoir for further recirculation. An inclined 
baffle plate in the separating chambers prevents 
entrainment loss. R. Whitaker 


195. Casein-lactalbumin coprecipitate and 
method of its preparation. EK. C. Scorr (as- 
signor to Crest Foods Co.). U. S. Patent 
2,623,038. 9 Claims. Dee. 23, 1952. Official 
Gaz. U. S. Pat. Office, 665, 4: 1268. 1952. 

Skimmilk, alkalinized to an acidity at 0.12% 
or less, is heated to about 194° F. and acidified 
with vigorous agitation to form well-blended 
eurd of casein and lactalbumin, which is then 
drained and washed with hot water. 


R. Whitaker 


196. Fat emulsion and method of manufac- 
ture. D. D. Peesiues and M. D. Girvin (as- 
signors to Western Condensing Co.). U. S. 
Patent 2,622,984. 4 claims. Dee. 23, 1952. 
Official Gaz. U. S. Patent 665, 4: 1257. 1952. 
A sterilized homogenized product consisting 
of an oil-in-water emulsion at a pH of 6.8 to 
7.2 and containing 10 to 52% fat, 1.2 to 3.1% 
sodium caseinate, and 45 to 89% moisture. 


R. Whitaker 


197. Method of processing and canning whole 
sweet miik. L. T. WinGer, Sr. U. S. Patent 
2,622,983. 12 claims. Dee. 23, 1952. Official 
Gaz. U. S. Pat. Office, 665, 4: 1257. 1952. 
Whole milk is sterilized after treating it with 
2 oz. of 0.1 to 0.2% by weight of edible grade 
55% hydrogen peroxide and adding 2 oz. of 
lactose per 100 gal. of milk. R. Whitaker 


198. Whey treatment. S. C. SrTevENS (as- 
signor to Switt & Co.). U.S. Patent 2,622,982. 
3 elaims. Dee. 23, 1952. Official Gaz. U. S. 
Pat. Office, 665, 4: 1257. 1952. 
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The flavor of whey is improved by extracting 
whey solids with acetone and 20 to 40% of 
water in a temperature range of 70° to 90° F. 

R. Whitaker 


DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 


199. Heat resistant bacteria in raw milk. VI. 
The seasonal incidence of thermoduric organ- 
isms. S. B. Tuomas, B. F. Tuomas, D. G. 
GriFFiITHs, AND DorotHy ELuison, Natl. Agr. 
Advisory Service, Trawseoed, and Natl. Milk 
Testing Service, Brynawel, Aberystwyth. J. 
Soe. Dairy Technol., 5: 267-271. July, 1952. 
Numbers of thermodurie bacteria in various 
milk supplies in Wales were determined by 
plating laboratory pasteurized samples on 
yeastrel milk agar. These organisms were most 
numerous in summer and early autumn, whereas 
the counts were lowest during the winter and 
early spring. This generalization held true re- 
gardless of the total count of the milk and the 
method of sterilization of farm milk utensils. 
E. W. Foster 


200. Heat resistant bacteria in raw milk. 
VII. Comparison of methylene blue reduction 
and thermoduric colony count. S. B. THomas, 
D. G. Grivrirus, and B. F. Tuomas, Natl. Agr. 
Advisory Service, Trawseoed, and Natl. Milk 
Testing Service, Brynawel, Aberystwyth. J. 
Soe. Dairy Technol., 5: 331-334. Oct., 1952. 

Of several thousand milk samples tested by 
both methods, the percentage of samples with 
high counts of thermodurie organisms increased 
as the methylene blue reduction time decreased. 
There was, however, no clear-cut correlation 
between the two tests with milk of any grade. 
Samples which reduced methylene blue slowly 
but had high thermodurie counts (i.e., over 
10,000 per ml.) were considered to have been 
produced in utensils that were not sterilized 
satisfactorily. Samples that reduced methylene 
blue rapidly but had low numbers of thermo- 
duric bacteria presumably were produced in 
satisfactory utensils but probably were inade- 
quately cooled. The authors suggest that milk 
receiving stations and field men might profitably 
apply the laboratory pasteurization test to 
determine numbers of thermodurie organisms 
in the milk samples that reduce methylene blue 
very quickly, i.e., less than 1 hr. in summer and 
less than 214 hr. in winter. To indicate both 
satisfactory methods of production and rela- 
tive keeping time of the milk, the authors ad- 
vise a combination of the thermodurie count 
with a direct keeping quality test. 

E. W. Foster 


201. Some recent research in dairy bacteri- 
ology. A. Row .anps, Natl. Inst. for Research 
in Dairying, Shinfield, Reading. J. Soc. Dairy 
Technol., 4: 240-244. July, 1951. 

Work of the author for the period 1946 to 
1951 is reviewed. Subjects covered are: (1) 


methods of cleaning and _ sterilizing milking 
machines; (2) methods of measuring the keep- 
ing quality of milk; (3) the effect of penicillin 
on results of milk quality tests; (4) broken or 
“bitty” cream; and (5) comparison of plate 
and roll-tube methods of counting bacteria. 
Much of the work has been published elsewhere. 
E. W. Foster 


202. Heat resistant bacteria in raw milk. 
V. Influence of milk cooling. S. B. THomas, 
D. G. Grirritus, DorotHy ELiison, ELsre 
Davigs, J. A. CHARLTON, and R. G. Jonss, Natl. 
Milk Testing Service, Brynawel, Aberystwyth. 
J. Soe. Dairy Technol., 4: 245-250. July, 1951. 
There was no significant difference in the 
thermoduric colony counts of thoroughly cooled 
and poorly cooled milk samples. There was, 
however, a much larger percentage of high 
thermoduric counts in milk produced in im- 
properly sterilized utensils than in milk handled 
in poorly sterilized equipment. E. W. Foster 


203. Composition of matter and method of 
preserving food in raw state. L. FRANDSEN 
(assignor to Washington Labs., Ine.). U.S. 
Patent 2,622,031. 46 claims. Dee. 16, 1952. 
Official Gaz. U. 8. Pat. Office, 665, 3: 906. 
1952. 

A method of retarding the decomposition of 
food by treatment with 6 to 9 parts maleic acid, 
1 to + parts borie acid, and 4 to 8 parts sodium 
benzoate in not over 32,000 parts of water. 


R. Whitaker 


204. Bacteriostatic and fungicidal solution 
for retarding deterioration and decomposition 
of organic matter and method of using the 
same. L. FrRANDSEN (assignor to Washington 
Labs., Ine.). U. S. Patent 2,622,032. 55 claims. 
Dee. 16, 1952. Official Gaz. U. S. Pat. Office, 
665, 3: 906. 1952. 

A solution consisting of 7.5 to 9 parts fumarie 
acid, 6 parts sodium benzoate, and 2.5 parts 
borie acid, and not over 32,000 parts of water. 


R. Whitaker 


205. Composition of matter and method of 
retarding the decomposition of food. L. Franp- 
SEN (assignor to Washington Labs., Ine.). 
U. S. Patent 2,622,030. 56 claims. Dee. 16, 
1952. Official Gaz. U. S. Pat. Office, 665, 
3: 906. 1952. 

A bacteriocidal solution for preserving food, 
consisting of 3.5 to 9 parts maleic acid, 1 to + 
parts boric acid and 4 to 8 parts sodium ben- 
zoate in not more than 32,000 parts of water. 

R. Whitaker 


206. Method of maintaining microorgan- 
isms in a viable state. W. L. Owen. U. S. 
Patent 2,624,692. 12 claims. Jan. 6, 1953. 
Official Gaz. U. S. Pat. Office, 666, 1: 239. 
1953. 

Saccharomyces cerevisiae yeast is maintained 
in a viable form by suspending the cells in a 
dilute lactose solution. R. Whitaker 
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DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 


207. A staff-indus- 
try report. R. Haver, Assoe. editor in col- 
laboration Ww. F. Waupeck and F. W. 
Smirn, Wyandotte Chemicals Corp., Wyan- 
dotte, Mich. Ind. & Eng. Chem., 44, 12: 2803- 
2812. Dee., 1952. 


increasing quantities for expanding uses in de- 
tergeney promotion, as a thickener, a stabilizer 
in ice cream, a soil conditioner, and for use in/ 
the petroleum industry. Manufacture of oni 
earboxymethyleellulose by Wyandotte Chemical 
Corp. is described. Bleached sulfite pulp is 
sprayed successively with solutions of caustic 
soda and monochloroacetic acid. The cellulose 
is converted to the alkali form by the caustie, 
and it then reacts with the acid which supplies 
the carboxymethyl side chain. The product is 
dried as the sodium salt. A wide range of 
carboxymethyleellulose products can be pro- 
duced by variations in processing. 


B. H. Webb 


208. An after-effect in butterfat irradiated 
with high-energy electrons. R. S. HANNAN and 
H. J. SHepuerp. Nature, 170, 4337: 1021. 1952. 
The peroxide value was used as a means of 
measuring the oxidative changes which resulted 
when butterfat was irradiated with 1.2-MeV 
electrons at a rate of 4 X 10° r.e.p./min. When 
butterfat samples irradiated at 0° and at —70° 
C. were stored 2 days or longer at —20° C., 
the peroxide values were very much larger 
than on samples stored at —70°, 0°, or +20° C., 
or when the fat was irradiated at +20° and 
37° C. and stored at all 4 temperatures. The 
oxidative after-effects appeared to be related 
to the physical state of the fat at time of 
irradiation, higher peroxide values being noted 
at the 0° and —70° than at + 20 and +37° C. 
R. Whitaker 


Carboxymethyleellulose is being produced in 


209. The role of temperature in amino acid 


itv of evaporated milk which accompany the 
storage loss of amino acids are so striking as to 
destroy the marketability of the product. 

F. J. Doan 


210. Effect of feed on water insoluble fatty 
acids in cream. Frep Hinuic and J. C. Pat- 
MER, Food and Drug Admin., Washington, 
D. C. J. Assoe. Office. Agr. Chemists, 35, 4: 
852-855. 1952. 

No inerease in WIA (water insoluble acids) 
»eccurred in butter prepared from the milk of 
1 herd of cows when the cows were removed 
from pasture and put on dry feed, nor after 
they had been on dry feed for approximately 
5 wk. Fresh butter prepared from fresh milk 
had WIA values ranging from 55 to 173 mg. 
per 100 g. fat. F. J. Babel 


211. Freezing points of sour milks. Herman 
C. Lyrucor, Mass. Dept. Publie Health. J. 
Assoe. Offic. Agr. Chemists, 35, 4: 855-859. 
1952. 

Data are presented to show that there is a 
correlation between acidity and the freezing 
point lowering of milk and that it should be 
possible to make proper corrections for acidity 
and thus determine with reasonable certainty 
whether or not a sample of sour milk has been 
watered. Freezing points plotted on the arith- 
metic scale of semi-log paper and acidities 
plotted on the log seale gave nearly straight 
line results. F. J. Babel 


212. Rapid determination of carotene in al- 
falfa. E. M. Bicxorr, A. L. Livrnaston and 
G. R. Van —? Western Reg. Research Lab., 
Albany, Calif. J. Assoe. Offie. Agr. Chemists, 
35, 4: 826-828. 1952. 

A method is deseribed which permits, in less 
than a half hour, a carotene assay of fresh or 
dehydrated alfalfa, which is comparable in pre- 
cision and accuracy to the established method 
which involves overnight soaking of the sample. 


F. J. Babel 


La Water insoluble fatty acids and butyric 


losses during the prolonged storage of evap- / acid in cream stored at 4° C. Frep Hi.uic and 


orated milk. A. Z. Hopson, Pet Milk m/ 


Greenville, Ill. Food Research, 17, 6: 467-471. 
Nov.-Dee., 1952. 

Evaporated milk stored at 40° F., at room| 
temperature, and at 100° F. exhibited no amino 
acid losses at the end of 1 yr. for the two lower 
temperatures. At the highest temperature, how- 
ever, tryptophane, lysine, histidine, and argi- 
nine were significantly reduced. At the end of | 
2 yr., no losses were found at 40° F. storage;/ 
slight losses of lysine and histidine were noted/ 
at room temperature; and at 100° F. decreasey 
of 12% tryptophane, 29% lysine, 29% histidine, 
and 28% arginine were experienced. Rat growt 
trials with milk stored over 2 yr. at three tem- 
peratures indicated decreasing nutritive value as 


the storage temperatures increased. The detri- | 


mental changes in the appearance and palatabil- 


W. R. Norru, Food and Drug Admin., Wash- 
ington, D. C. J. Assoe. Offie. Agr. Chemists, 
35, 4: 844-852. 1952. 

Cream, separated from fresh milk, was held 
at 4° C. with and without the addition of 0.1% 
formaldehyde. At intervals, the cream was 
analyzed for water insoluble fatty acids 
(WIA), butyrie acid, lactie acid, and lipolytic 
bacteria. WIA in cream not treated with for- 
maldehyde did not show any pronounced in- 
crease until the cream reached a stage of deteri- 
oration where the organoleptic classification 
would condemn it for use in the manufacture 
of butter. Titrable acidities did not show a 
pronounced inerease until the cream reached 
class 2. In most eases, butyrie acid did not 
appear in cream until it was class 2. When 
cream was removed from storage at 4° C. and 
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subsequently held at 25° C., deterioration took 
place very rapidly. In most experiments there 
was little or no increase in WIA or titrable 
acidity in the samples to which formaldehyde 
had been added. When lipolytic count at the | 
end of the 4° C. storage period was high, the 
WIA content increased appreciably after the 
samples were held at 25° C. for 1 day. 
F. J. Babel 


214. A quick test for foreign fat. C. E. 
Lawrence, G. P. GuNpLocK and Co., Cinein- 
nati, Ohio. Ice Cream Field, 60, 6: 56, 73. 
Dee., 1952. 

It is claimed that by using a Mineralight lamp 
with wave length 2,540 A° it is possible by 
differences in fluorescence to identify as little 
as 5% adulteration of milk fat with vegetable 
or foreign fat. Details are given for the test, 
which includes separating the fat from the mix 
by means of a modified Babcock Test, making 
use of Minnesota reagent. Two limitations of 
the test are mentioned. W. C. Cole 


215. Modified Babcock Tests for fat. W. B. 
Comps and E. L. Tuomas. Ice Cream Field, 
59, 4: 80-83. Apr., 1952. 

The results of Mojonnier fat analyses were 
compared with the following modified Babcock 
tests: Minnesota, Overman-Garrett, Perchloric 
acid, Crowe, and Pennsylvania. Tests were 
applied to ice milk (4-5 % fat) “standard ice 
cream” (approx. 12% fat), and high-fat ice 
cream (17 to 18% fat). 

It is concluded that of the tests tried, the 
Perchloric acid test is the simplest. It gives 
fairly accurate results for ice cream having 
approximately 12% fat but fails to give good 
agreement with the Mojonnier for either high- 
fat ice cream or ice milk. The results indicate 
that of the modified Babcock tests included in 
this study, the Crowe test is the most accurate. 

W. C. Cole 


216. Milk sampling device. W. M. THomson. 
U.S. Patent 2,624,201. 1 claim. Jan. 6, 1953. 
Official Gaz. U. S. Pat. Office, 666, 1: 100. 
1953. 

The two forks of a forked metal rod are 
turned upward on the bottom to hold a sampling 
tube between the forks and the rod itself. The 
sampling tube may be easily inserted and re- 
moved from the holder. R. Whitaker 


217. Adhesive from whey and a method of 
making it. G. L. TscHasoLp and D. L. MvEL- 
LER. U. 8. Patent 2,624,679. 7 claims. Jan. 6, 
1953. Official Gaz. U. S. Pat. Office, 666, 1: 
236. 1953. 

An adhesive made by (1) neutralizing the 
acidity of the whey, (2) condensing to 1/5 its 
weight, (3) heating to 90° F., (4) adding 30 
parts dextrine and 2 parts borax to 64 parts 
condensed whey, (5) heating for 30 min. at 
194° F., (6) cooling to 160° F., and (7) adding 
4 parts of a 50% solution of NaOH. 

R. Whitaker 


NEERING 
DAIRY ENGINEERING 
Cc. W. HALL, SECTION EDITOR 

218. New material for plant floors. Davip 


Levowirz, Director, N. J. Dairy Lab., New 
Brunswick. Am. Milk Rev., 14, 11: 34, 36, 38, 
42, 44. Nov., 1952. 

The short life of a concrete floor in a dairy 
plant is caused by the solubilization of the 
cement ingredients by the acids resulting from 
the fermentation of the nutrient residue. No 
cleaning procedure can remove this residue 
completely. 

Because of the nature of the composition of 
cement, the addition of an antiseptic to the 
cement could not be effective for any length of 
time. However, a disinfectant, the chemical 
nature of which permits it to be made a per- 
manent component of the cement particle, is 
being used by the North American Cement 
Corporation to produce Anti-Bacterial Cement 
(ABC). 

The use of ABC in various places known to 
be especially detrimental to regular cement has 
proved it to be very satisfactory because of (a) 
durability, (b) permanent reduction of micro- 
organism metabolism, (¢) elimination of floor 
fermentation aroma, and (d) reduction of air- 
borne contamination. D. J. Hankinson 


219. Efficient milk can conveyor design for 
dairy plants. W. Mich. Agr. Expt. 
Sta. Bull. 35, 198-202. Nov., 1952. 

A chart is presented which can be used for 
selecting the optimum incoming conveyor length 
based on the can dumping rate. A time study 
analysis showed that most incoming conveyors 
are too short. Recommendations are given for 
designing an efficient receiving room conveyor 
on the basis of time study data. 

Carl W. Hall 


220. Homogenizers as timing pumps on 
HTST pasteurizers. L. R. Guazrer and L. R. 
Down, Univ. of Conn., Storrs. Milk Dealer, 42, 
3: 51-52, 87-90. Dec., 1952. 

To determine whether or not homogenizers 
can be used as timing pumps on HTST systems, 
cream line studies were made using a timing 
pump, a Gaulin homogenizer with valves, a 
Gaulin homogenizer without valves, a super- 
homo with valves and a superhomo without 
valves. Data are presented showing that there 
was very little difference in the cream volumes 
of the pasteurized milks in these studies. All 
samples gave consistently deeper cream lines 
than the raw milk control. Slow cooling of the 
raw milk control, however, gave smaller fat 
globule clusters with subsequent smaller fat 
volume than would be anticipated on raw milk 
samples. The results indicate that the Cherry- 
Burrell superhomo and the Gaulin homogenizers 
can be used as timing pumps without adverse 
effect on cream lines. C. J. Babeock 
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221. Heated milking apparatus. N. Corpis. 
U.S. Patent 2,625,643. 2 claims. Jan. 13, 1953. 
Official Gaz. U. S. Pat. Office, 666, 2: 587. 
1953. 

An electrical current is passed through a 
nickel-chromium wire, imbedded in an elastic 
rubber ring attached to top of each teat cup 
of a milking machine, for applying heat to the 
udder during milking. R. Whitaker 


222. Milk releaser. H. W. HEIN (assignor to 
International Harvester Co.). U. S. Patent 
2,625,133. 5 elaims. Jan. 13, 1953. Official 
Gaz. U. S. Pat. Office, 666, 2: 451. 1953. 

Milk under vacuum is delivered from a milk- 
ing machine into the top section of a double 
section reservoir. A. flap valve, closed when 
the top section is under vacuum, opens to allow 
the milk to drain into the lower section when 
the top section is full of milk. A float closes 
the valve when the top section is empty and 
at the same time releases the vacuum on the 
lower section and opens a drain in the bottom, 
permitting the milk to flow out by gravity at 
atmospherie pressure. ' R. Whitaker 


223. Automatic frozen confection making ap- 
paratus. R. F. Eppy and A. F. Eppy. U. 8. 
Patent 2,625,120. 31 claims. Jan. 13, 1953. 
Official Gaz. U. S. Pat. Office, 666, 2: 448. 
1953. 

A horizontal conveyor holding molds for 
frozen confections passes through this machine. 
When the molds are upright, they are filled, 
then passed through a freezing chamber and 
returned to the machine in an inverted position. 
Another conveyor carrying a series of demold- 
ing devices pulls the confections out of the 
molds. R. Whitaker 


224. Container having wax product coating. 
S. W. Ferris (assignor to Sun Oil Co.). U.S. 
Patent 2,624,501. 9 claims. Jan. 6, 1953. Offi- 
eial Gaz. U. S. Pat. Office, 666, 1: 187. 1953. 
A hydrocarbon paraffin wax for coating 
paper milk bottles having the following speci- 
fications: m.p. 125 to 132° F., tensile strength 
at 70° F. about 250 p.s.i. and at 40° F. about 
280 p.s.i., an oil content of less than 1% 
and being completely distillable between 400 
and 650° F. at 10 mm. Hg. R. Whitaker 


225. Pasteurizing apparatus. G. C. CoLBuRN 
and C. W. Turner (assignors to H. E. Wright 
Co.). U. S. Patent 2,624,266. 1 claim. Jan. 6, 
1953. Official Gaz. U. S. Pat. Office, 666, 1: 
118. 1953. 

Several bottles of milk in a tank are heated 
and held at the pasteurizing temperature by 
being surrounded with hot water and later 
cooled with cooling water. Automatic controls, 
with a sensing unit installed in a dummy bottle 
containing a liquid, insure proper pasteurizing 
time and temperature. R. Whitaker 


226. Plate type pasteurizer. R. P. L. Hyrre 
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(assignor to Aktiebolaget Separator). U. S. 
Patent 2,623,736. 11 claims. Dee. 30, 1952. 
Official Gaz. U. S. Pat. Office, 665, 5: 1548. 
1952. 

A plate type continuous heat exchanger hav- 
ing two sets of plates, one set for heating and 
cooling milk and another set of the same length 
and width, but smaller cross-section area, for 
pasteurizing cream. Separate heating and cool- 
ing inlets and outlets are provided for the milk 
and the cream plates. R. Whitaker 


227. Container case. R. W. More (assignor 


to Beatrice Creamery Co.). U. S. Patent 
2,623,670. 7 elaims. Dee. 30, 1952. Official 
Gaz. U. S. Pat. Office 665, 5: 1528. 1952. 


A milk bottle case having one side open. 
Bottles on a conveyor are introduced into the 
case through the side without handling. Pro- 
vision is made for dropping into place, when 
the case is filled, a frame consisting of a side 
for covering the opening and bottle spacing 
partitions for holding the bottles in pockets. 

R. Whitaker 


228. Apparatus for stripping food products 
from a spur plate. A. J. SesTILio (assignor to 
Eskimo Pie Corp.). U. S. Patent 2,621,818. 
3 claims. Dee. 16, 1952. Official Gaz. U. S. 
Pat. Office, 665, 3: 847. 1952. 

Food products, such as frozen novelties pro- 
duced in a brine tank, are removed from the 
spur plate by a piston-driven stripping plate 
which pushes the impaled products off the 
spurs. R. Whitaker 


229. Homogenizing liquids. F. H. DANIELL 
(assignor to Kraft Walker Cheese Company 
Proprietary Ltd.). U. S. Patent 2,621,905. 
9 claims. Dee. 16, 1952. Official Gaz. U. S. 
Pat. Office, 665, 3: 872. 1952. 

A vibratory motion is imparted to liquid 
materials passing through conical-shaped 
homogenizing valve. The vibrations are pro- 
duced in a magneto-striction vibration gener- 
ator surrounding the rod or shaft which trans- 
mits the pressure from the spring loaded screw 
handle to the top of the homogenizing valve. 

R. Whitaker 


230. Ice cream making machine. H. S. OapeN 
(assignor to New Process Confection and Bev- 
erage Corp.). U.S. Patent 2,622,411. 2 claims. 
Dee. 23, 1952. Official Gaz. U. S. Pat. Office, 
665, 4: 1094. 1952. 

A self contained unit for freezing a flavored 
mix into “frozen malts” at the point of sale. 
Refrigeration, supplied by a motor driven com- 
pressor, is applied to the walls of a chamber 
having a conical-shaped bottom and a beater- 
seraper which facilitates slushing. 

R. Whitaker 


231. Outlet for milk delivery cans. J. A. 
Hopwoop (assignor to Monitor Process Corp.). 
U.S. Patent 2,622,764. 1 claim. Dee. 23, 1952. 
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an outlet for draining milk 
from 40-qt. cans. R. Whitaker 


232. Milk delivery can with enclosed dis- 
pensing tube. W. TAaMMINGA (assignor to 
Monitor Process Corp.). U. S. Patent 2,622,772. 
3 claims. Dee. 23, 1952. Official Gaz. U. S. 
Pat. Office, 665, 4: 1198. 1952. 

A rectangular-shaped can, having an outlet 
in one corner fitted with a flexible tube for use 
in dispensing bulk milk from a vending ma- 
chine, R. Whitaker 


233. Coffee cream package. J. E. Snyper and 


B. J. Avant (assignors to Wingfoot Corp.). 
U. S. Patent 2,622,986. 2 claims. Dee. 23, 
1952. Official Gaz. U. S. Pat. Office, 665, 4: 
1257. 1952. 


A small envelop of heat-sealable, oil-resistant, 
flexible plastic film containing a_ stabilized 
cream, suitable for use in creaming coffee. A 
notched cellulose stiffening element is provided 
to give rigidity and to facilitate pouring the 
cream from the container. R. Whitaker 


234. Pasteurizer. HK. W. Losee (assignor to 
Losee Products Co.). U. S. Patent 2,623,449. 
2 claims. Dee. 30, 1952. Official Gaz. U. 8. 
Pat. Office, 665, 5: 1464. 1952. 

A small capacity milk pasteurizer, consisting 
of a tank of water, electrically heated, into 
which is suspended a vessel containing the milk. 
After pasteurizing, the milk is cooled by cireu- 
lating a cooling fluid through the tank. A motor- 
driven propeller agitates the milk. 


R. Whitaker 


235. Ice cream scoop. E. A. Watuina. U.S. 
Patent 2,621,614. 1 claim. Dee. 16, 1952. 
Official Gaz. U. S. Pat. Office, 665, 3: 789. 
1952. 

An ice cream scoop operated by a small 
electric motor. R. Whitaker 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


L. C. THOMSEN, SECTION EDITOR 


236. Selection and training of employees. 
H. Voitkmar, Velvet Freeze Ine., St. 
Louis. Ice Cream Rev., 36, 6: 50, 52-54. Jan., 
1953. 

Success in retail store operation is dependent 
in a large measure upon the ability of the 
company to obtain, train, and retain good 
employees. During the past 3 years Velvet 
Freeze has established a program for achieving 
this objective. Middle aged women with chil- 
dren at least 10 years old make the best type of 
employees for retail stores. When interviewed, 
applicants are honestly informed of store poli- 
cies. Comprehensive training programs are in- 
itiated immediately for a new employee. This 
is followed up with employee meetings, letters, 
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and the use of a store manual and other printed 
material. Severance interviews prove helpful 
for indicating conditions about the job which 
need immediate correction. |W. J. Caulfield 


237. How to control delivery frequency. 
GLeNn Parrerson, Pioneer Ice Cream Div., The 
Borden Co. Ice Cream Trade J., 48, 12: 22-23, 
81. Dee., 1952. 

A Kardex system has been placed into opera- 
tion to help control delivery frequency to indi- 
vidual dealers according to demand. Five by 8 
in. cards, with 14 in. visible margin and layout 
for 4+ years in vertical columns show monthly 
gallonage, days of delivery, number of pur- 
chases, gallons per purchase, dealer’s name and 
uddress, customer’s gallonage capacity, current 
route number, and remarks. In the visible 
margin from left to right appears the code 
number assigned to the dealer for filing and 
identification purposes, days of the week in 
14 in. spaces, and a seale for gallonage from 
1 to 40 on the right half of the visible margin. 

There are two sliding graphomatie signals 
used with each card as follows: a blue signal 
indicates desired gallonage per delivery based 
on dealer’s capacity, an orange signal indicates 
actual gallonage per delivery based on previous 
month’s gallonage and number of purchases, 
and yellow tabs indicate current day’s delivery 
by covering the appropriate days. 

This method, when a tray is pulled out, shows 
a complete picture of 50-odd accounts. Ac- 
counts being under-delivered will stand out 
immediately, because the blue signal quota will 
be further extended on the gallonage seale than 
the orange signal. The reverse situation will 
indicate over-quota accounts. W. H. Martin 


238. Increasing route productivity through 
route supervisors. R. J. NuGent, General Ice 
Cream Corp., Schenectady, N. Y. Ice Cream 
Trade J., 48, 12: 32-34, 90. Dee., 1952. 
Questionnaires were designed, testing 28 
items of service required of ice cream route 
men. It was learned that in many cases drivers 
were performing the functions of delivery man, 
collector, advertising man, janitor, and in some 
cases, cabinet repair man. Often a large truck 
was standing idle while the driver performed 
these services. Loads were increased 50% by 
using the call system. Route supervisors should 
analyze operations, work the routes with the 
drivers, and determine the cause of failure to 
deliver satisfactory quantities of ice cream. The 
supervisor, route man, and salesman then can 
get together and figure ont improvements. A 
check sheet containing some 38 items is used 
by the district delivery supervisor of the Gen- 
eral Ice Cream Corp. W. H. Martin 


239. New materials handling methods used 


by Arden Farms. Anonymous. Milk Dealer, 
42, 3: 40-41, 58-59. Dee., 1952. 


There are few industrial operations in which 
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a larger tonnage of bulk and packaged products 
must be handled each day than in a dairy plant. 
According to modern materials handling meth- 
ods, nothing is lifted that can be pushed and 
nothing is pushed that can be transported me- 
chaniecally. At the Arden Farms Company, the 
automatic milk ease stacker combined with a 
floor chain conveyor system has proved far 
superior to manual stacking and handling. The 
wear and tear on eases and bottles is much less, 
breakage is minimized, and the lack of minor 
accidents which occur with manual stacking is 
avoided. The installation of a floor chain con- 
veyor passing through a cold room 160 ft. by 


101% ft. — with doors located at intervals of 
8 ft. to allow loading of 40 retail trucks at one 
time — and the installation of an automatic 


stacker handling full cases at the rate of 25 
per min. are described. The automatic stacker 
occupies but little floor space, being 3 ft. 4 in. 
wide, 3 ft. 8 in. deep, and 7 ft. 10 in. high. 
Stacks can be from 2 to 7 high as predeter- 
mined by a simple adjustment en the machine. 
A 2-h.p. electric motor powers the stacker with 
push button on-off control. C. J. Babeock 


240. Unit operations review. Development in 
industrial processing. Ind. Eng. Chem., 45, 1: 
15-98. Jan., 1953. 

Reviews of the literature of the past year by 
different authors are presented on fifteen opera- 
tions. Reviews on centrifugation, crystalliza- 
tion, drying, evaporation, filtration, and ion 
exchange may be of special interest in the 
dairy industry. B. H. Webb 


241. Mechanized intake of milk supplies. W. 
W. Rirentz. J. Soe. Dairy Technol., 4: 214- 
231. July, 1951. 

This is a review of methods of mechanizing 
milk intakes. Included are descriptions of new 
systems in use, not only in Great Britain but 
also on the European continent, in Australia, 
and in the U. 8. Possible future developments 


are suggested. E. W. Foster 
242. What are we selling? WALLINGTON 
Paut, Foremost Dairies, Ine., Jacksonville, 


Fla. Iee Cream Trade J., 48, 12: 28, 30, 78, 80. 
Dee., 1952. 

The sales pattern since 1947 has resulted in 
a marked increase in the number of items sold. 
Thirty-four new items were added and milk 
sales declined from 50 to 31% of the volume 
of sales, and pints and novelties both increased 
in volume. Profit margin on packages and 
novelties are 81 to 82% of bulk sales, yet they 
require more labor and the demand for harden- 
ing room and warehouse spaces is increased. 
Capital investment for bulk ice cream is $2.49 
per 1,000 gal., $3.21 per 1,000 gal. of packages, 
and $14.37 per 1,000 gal. of novelties. More 
storage cabinets are required for pints and 
novelties. W. H. Martin 
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HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


243. Inflation for milking machines. T. W. 
Harris and R. B. INGERSOLL (assignors to 
Hinman Milking Machine Co., Ine.). U. S. 
Patent 2,621,626. 2 claims. Dee. 16, 1952. 
Official Gaz. U. S. Pat. Office, 665, 3: 792. 
1952. 

A pulsating air-pressure-operated teat cup, 
consisting of a cylindrical metal sleeve contain- 
ing a rubber liner. Proper milking action is 
obtained by varying the thickness of the rubber 
liner, the thinnest portion constricting the 
teats before the thicker portions. 

R. Whitaker 


244. Machine milking and the problem of 
stripping. W. G. Wuirr.esTone, Ruakura Ani- 
mal Research Sta., New Zealand. J. Soe. Dairy 
Technol., 5: 35-38. Oet., 1951. 

The existence of double release of milk by 
dairy cows is shown in several experiments. 
Failure of the cow to let down all of her milk 
can result from an experience that is unusual 
or unpleasant to the cow with the result that 
much of the milk is never drawn or is stripped 
by hand. The author suggests that these ani- 
mals can be induced to renew the flow by re- 
application of the usual stimulatory routine and 
drawing the milk by machine. To minimize 
difficulties with “stripper” cows, the author 
advises application of the teat cups immediately 
atter the cow is stimulated to let down her 
milk. If there is much delay, some of the 
let-down hormone will be destroyed in the blood 
and part of the milk will be retained until there 
is further stimulation. Avoidance of all de- 
partures from the usual routine of the cows 
will lessen the incidence of stripper problems. 

E. W. Foster 


245. Milk can support. H. J. Easton. U. S. 
Patent 2,621,883. 4 claims. Dee. 16, 1952. 
Official Gaz. U. S. Pat. Office, 665, 3: 865. 
1952. 

A hook-like device, attached to the side of a 
tank, for holding a milk can by one handle to 
keep it from tipping over while being filled 
and while floating in a cooling tank. 


R. Whitaker 


246. Barn cleaner. A. W. Coaatns, F. W. 
Coaains, and M. J. Coaains. U.S. Pat. 2,621,- 
773. 1 claim. Dee. 16, 1952. Official Gaz. U.S. 
Pat. Office 665, 3: 834. 1952. 

An elevating endless conveyor on wheels for 
removing litter from gutters in barns and 
delivering it into a cart or truck by means of a 
cross-belt conveyor. R. Whitaker 


247. Barn cleaner. W. E. HepLtunp and M. 
R. Heptunp. U.S. Patent 2,621,776. 4 claims. 
Dee. 16, 1952. Official Gaz. U. S. Pat. Office 
665, 3: 835. 1952. 

A flexible conveyor is laid on the bottom of 
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the gutter in barns. To clean the gutter, the 
conveyor is pulled by a motor-driven cable up 
an inclined track through a window opposite 
the end of the gutter and the gutter content is 
unloaded before the conveyor rounds a pulley 
to return to the inside of the barn. The direc- 
tion of the conveyor then is reversed by attach- 
ing the other end to the cable and drawing it 
back into the bottom of the gutter. 
R. Whitaker 


248. Cattle shock imparting device. B. A. 
Gustavsson. U. S. Patent 2,623,498. 5 claims. 
Dee. 30, 1952. Official Gaz. U. S. Pat. Office, 
665, 5: 1479. 1952. 

A device for causing cattle to deposit drop- 
pings in the gutter and maintain a clean stall. 
When the animal raises its tail, an electric 
contact is made in a device attached to the tail, 
which imparts a shock to the animal. By mov- 
ing backward, the impulse ceases. No shock 
is given unless the tail is elevated. 


R. Whitaker 


ICE CREAM 


C. D. DAHLE, SECTION EDITOR 


249. Grocery stores take first place in ice 
cream sales volume. Anonymous. Ice Cream 
Rev., 36, 6: 41. Jan., 1953. 

During the year 1951 the grocery store pro- 
vided an outlet for nearly 28% of all ice cream 
sold thru dealers, according to figures recently 
released by the Intern. Assoc. of Ice Cream 
Mnfrs. Drug stores which formerly were in 
first place now account for 19% of the total 
gallonage. Restaurants provide an outlet for 
13.25% and confectionery stores 12.44% of the 
ice cream sold through the 207,835 dealers in- 
cluded in the survey. 

Although grocery stores ranked first in terms 
of total sales volume, they were in eleventh 
position with respect to gallonage per dealer 
with 626 gallons per year. Average sales per 
dealer for some of the more important ice 
cream outlets were: company owned and dairy 
stores, 9,900 gal.; vending machines, 2,413 gal.; 
ice cream and dairy stores, 2,091 gal.; drug 
stores, 1,773 gal.; department stores, 1,568 
gal.; confectionery stores, 1,060 gal.; cigar 
stores, 1,021 gal.; theatres, 785 gal.; hotels and 
clubs, 709 gal.; and restaurants, 638 gal. It is 
evident that total sales volume in grocery 
stores has been achieved by the large number 
of outlets and not by a high volume of products 
sold in each outlet per year. W. J. Caulfield 


250. The utilization of corn syrup solids in 
ice cream. W. C. vAN DER Zant and W. J. 
CauLFiELp. Ice Cream Rev., 36, 6: 42-44, 100, 
102-104. Jan., 1953. 

Results of an investigation to determine the 
relative merits of three different dried corn 
syrups and one liquid corn syrup in ice cream 
are reported. The corn sweeteners were used 


as: partial replacement for the sucrose of the 
mix, partial replacement of the serum solids, 
and replacement for the stabilizer. The results 
obtained in connection with this investigation 
may be summarized as follows: 

1. None of the corn sweeteners used had any 
significant effect upon the acidity, pH, 
protein stability, or whipping properties 
of ice cream mixes. 

2. The use of 5% corn syrup solids in com- 
bination with 12% sucrose resulted in ice 
cream which was equal to or superior in 
quality to the check sample containing 
only sucrose. 

3. The use of the continuous freezer had a 
more important beneficial effect on the 
body and texture of the resulting ice 
cream than did any of the corn sweeteners 
used. 

4. Replacement of up to 3% of the serum 
solids with eorn syrup solids in a mix 
calculated to contain 11% serum solids 
did not adversely affect either the flavor 
or the body and texture of the resulting 
ice cream. 


5. No evidence was obtained to indicate that 
corn sweeteners can be used as a replace- 
ment for the stabilizer in ice cream. 


W. J. Caulfield 


251. Vegetable fat challenges ice cream. 
Norman Myrick. Am. Milk Rev., 14, 12: 14, 
16, 18, 58, 59. Dee., 1952. 

The ice cream industry faces serious compe- 
tition with the introduction of vegetable fat, 
namely, hydrogenated coconut oil blended with 
cottonseed oil or peanut oil, in place of butter- 
fat. This substitution was made first during 
World War II because of the scarcity and high 
price of butterfat. 

It has met its greatest success in Bryan, 
Texas, and St. Louis, Mo. This is attributed 
to the fact that it was put on the market by 
companies with a foreeful merchandising pro- 
gram. Companies in other places have been 
much less successful because they have failed 
to give their product adequate promotion, or 
have met with competition in the low-priced 
frozen dessert field from the dairy industry. 

It is the idea of the author that the most 
effective way to meet this challenge is not 
through legislation but by keeping control of 
the market and by directing information to the 
consumer, D. J. Hankinson 


252. Ice cream shrinkage. J. J. SHEURING, 
Univ. of Ga., Athens. Ice Cream Field, 60, 3: 
138, 140-142. Sept., 1952. 

Mixes processed according to standard pro- 
cedures were made into ice cream and then 
subjected to the following methods of inducing 
shrinkage: (1) vacuum of 25 in. for 30 min.; 
(2) air pressure at 20 lb. per sq. in. for 30 
min.; (3) samples subjected to continuous 
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shaking for 30 min.; and (4) samples held for 
6 mo. in ice cream cabinet. 

It was shown that mechanical shaking at 
constant temperature resulted in practically no 
shrinkage; the pressure method of inducing 
shrinkage gives results that are more easily 
duplicated than other methods used; at least 
three samples should be submitted to the pres- 
sure treatment in order to secure significant 
results. 

Results showed little difference in shrinkage 
as a result of variations in homogenization 
pressures. Ice cream stored in paper containers 
shrank more than ice cream in metal containers. 
Increasing the fat content of ice cream de- 
ereased surface tension and increased the tend- 
ency for shrinkage to oceur. Increasing the 
concentration of milk solids-not-fat increased 
surface tension and also inereased tendency 
toward shrinkage. There was no_ indication 
that loss of moisture was a factor affecting 
shrinkage. 

Various sugars decreased surface tension of 
mixes. Dextrose and enzyme-converted corn 
syrup reduced surface tension more than did 
sucrose, corn syrup, and dried corn syrup sol- 
ids. Of the sugars tested, dextrose had the 
greatest tendency to induce shrinkage. 

Sodium alginate used as a stabilizer caused 
more shrinkage than did gelatin or sodium 
earboxymethyleellulose. Emulsifiers favored 
shrinkage. Rancid cream and butter and the 
presence of free fatty acids, especially oleic 
acid, resulted in greater shrinkage. 

W. C. Cole 


253. Consumer sherbet study. T. D. Harman 
and I. A. Goutp, Ohio State Univ., Columbus. 
Ice Cream Field, 60, 3: 122, 124, 126, 128-130. 
Sept., 1952. 

The objectives of the study were (a) to 
determine the ability of the average consumer 
to identify the flavor of sherbet when the 
flavor was the result of pure fruit or fruit 
juice, of pure fruit extract or emulsion, of 
imitation fruit flavoring; and (b) to determine 
the preference of trained and untrained persons 
for sherbets made with different flavoring ma- 
terials. Orange, raspberry, and pineapple were 
selected to represent the various classes of 
sherbets in the proposed standards. 

The technical panel consisted of 7 men well 
trained in evaluating quality of sherbets, and 
the consumer panel consisted of 137 persons 
for the orange series, 124 for the raspberry 
series, and 115 for the pineapple series. All of 
the technical panel members identified the 
flavors of sherbet correctly. This group pre- 
ferred sherbets flavored with fruit alone or 
with fruit and true fruit concentrate. They 
were unanimous in their preference for orange 
sherbet intensified with peel oil or emulsion. 
With the consumer panel, reamed orange juice 
alone yielded a flavor that was not accurately 
identified. The presence of peel oil or emulsion 


increased ease of identification and gave greater 
preference. This group preferred raspberry 
and pineapple sherbets to which true fruit 
flavor or imitation flavor had been added. 

It was concluded that the recommendations 
made by the Committee on Standards of the 
International Association of Ice Cream Manu- 
facturers for minimum standards for flavoring 
sherbets are sound. W. C. Cole 


254. Calcium sulfate in ice cream. W. S. 
ArBUCKLE, Univ. of Maryland, College Park. 
Ice Cream Field, 60, 3: 132, 134, 136. Sept., 
1952. 

It was found that titratable acidity and vis- 
cosity were slightly increased and pH values 
somewhat decreased in mixes containing calcium 
sulfate and processed according to generally 
accepted procedures. The effect of calcium sul- 
fate on viscosity varied with the type of sta- 
bilizer used. The lowest viscosities were ob- 
tained when sodium alginate was used and the 
highest when gelatin or emulsifier was used. 
Excessive viscosities resulted when calcium sul- 
fate was used in excess of 0.16%. 

The effect of calcium sulfate on mix whip- 
ping time was slight unless it was used to 
excess. The degree of dryness and stiffness of 
the mix increased with increase in concentra- 
tion of calcium sulfate from 0.08% to 0.20%. 
When used in excess of 0.16% calcium sulfate 
resulted in a salty taste. Calcium sulfate had 
little effect on body and texture of the ice 
cream, but it markedly reduced the rate of 
melting. 

It was concluded that calcium sulfate does 
not improve the whipping properties of mixes 
but does produce as dry and stiff ice cream as 
does an emulsifier. W. C. Cole 


255. New apple sherbet flavor. D. G. Guap- 
AGNI, L. H. Wacker, Western Regional Ke- 
search Lab., Albany, Calif., and Roperr Far- 
r1s, Borden Dairy Delivery Co., Oakland, Calif. 
Tee Cream Field, 59, 3: 26, 72. Mar., 1952. 

It is claimed that 25 lb. of 44° Brix full- 
flavored “Delicious” concentrate was required 
to give a true distinctive apple flavor to 100 Ib. 
of basie mix. Best results were obtained when 
concentrate-impregnated apple dice were in- 
corporated in the sherbet as it came from the 
freezer. 

Methods of preparing full-flavored apple 
concentrate and concentrate impregnated apple 
dice are outlined. W. C. Cole 


256. A study of the vanilla-sweetener rela- 
tionship in ice cream. H. M. WINbDLAN and 
J. J. Susurtne, Univ. of Ga., Athens. Ice 
Cream Trade J., 48, 12: 66-67, 85. Dee., 1952. 

Seven types of vanilla were added to test 
mixes in 3 different concentrations. Fifty and 
25% of the sucrose of the mixes were replaced 
with corn sugar, corn syrup, and corn syrup 
solids on the basis of their relative sweetness. 
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Samples of the ice cream were submitted to a 
taste panel for a flavor evaluation. 

The randomized block experimental design 
was adopted for use in statistically analyzing 
the data. Eaeh set of samples was numbered 
from 1 to 420. Ten samples of ice cream were 
chosen in a random manner and submitted to 
the taste panel each morning. For each experi- 
ment, the judges seored 5 identical samples of 
ice cream containing the same amount and 
concentration of the various vanillas. Numeri- 
eal ratings of 0, 1, 2, 3, and 4 were used to 
designate no vanilla, weak, optimum, strong, 
and harsh flavor. 

A gradual increase in flavor score resulted 
as the concentration of vanilla was increased; 
however, 50% replacement, by both corn syrup 
and corn syrup solids masked the vanilla flavor- 
ing to such an extent that none had a desirable 
vanilla flavor. A 25% replacement of sucrose 
with corn syrup solids masked the flavoring to 
a lesser degree. 

Fortification of standard vanilla with vanillin 
is desirable for fiavoring ice cream in which 
corn sugar sweeteners are used. Three ounces of 
single strength Bourbon vanilla fortified with 
2 oz. of methyl vanillin per gallon of extract 
added to 5 gal. of mix provides adequate vanilla 
flavor in ice cream in which 25% of the sugar 
solids on a sweetening basis are replaced with 
corn sweeteners. W. H. Martin 


257. Home storage capacity for ice cream. 
ArNoLp BLUMENTHAL. Ice Cream Trade J., 
48, 12: 24-26. Dee., 1952. 

Since 1946, 4,500,000 home freezers and more 
than 27,000,000 refrigerators have been sold. 
These expanded facilities for storing ice cream 
should increase consumption. The two most 
popular sizes are the 11 to 12.9 and the 13 to 
16.9 cu. ft. models. These two models account 
for more than 50% of the sales of freezers. 

W. H. Martin 


258. Essential advice on making vegetable- 
fat frozen desserts. KE. M. Deck, Mrs. Tucker's 
Foods Ine., Sherman, Texas. Ice Cream Trade 
J., 48, 12: 56-83. Dee., 1952. 

Hydrogenated vegetable fats with melting 
point of 108 to 115° F. are recommended for 
frozen desserts. These fats may be bought in 
drums or cubes. They are not highly perishable, 
need no refrigeration, and can be stored at 
room temperature for months. W. H. Martin 


259. Ice cream containing modified gelose 
compound. V. C. Le GLoanec (assignor to 
Algin Corp. of America). U. S. Patent 2,624,- 
677. 2 claims. Jan. 6, 1953. Official Gaz. U.S. 
Pat. Office, 666, 1: 236. 1953. 

An ice eream stabilizer consisting of the 
products resulting from the reaction of alka- 
line earth salts of algin and casein with Na, 
K, NH,, and acid salts of Ca-free gelose. 

R. Whitaker 


MILK AND CREAM 


E. O. HERREID, SECTION EDITOR 


260. Paper containers — an evolutionary 
factor in the milk business. NormMAL Myrick. 
Am. Milk Rev., 14, 12: 34-36, 38, 86, 87. Dec., 
1952. 

The paper container is a recent development 
in the fluid milk industry. Its use has been 
accompanied by the usual resistance to change 
when something new is introduced. To the milk 
dealer the paper container means a change in 
equipment and often a change in labor. It is 
difficult to conclude which container is the 
more profitable because of the variation in costs 
of processing and distributing in different areas 
and variations in these costs among different 
dealers. 

Paper containers are used most widely in 
the wholesale markets where they are the mer- 
chandising choice of the storekeeper and the 
shopping choice of the consumer, but con- 
sumers in the retail markets have been rather 
indifferent to their use. 

Three facts should be considered by the dealer 
before changing to paper containers: (1) Light 
weight of paper permits more milk to be car- 
ried per load; (2) 100% operation with either 
glass or paper is more efficient than a split 
operation; and (3) paper containers cost more 
than glass. D. J. Hankinson 


261. Does your cream feather in coffee? 
H. V. Arnerton and BrapFiELD, Univ. 
of Vt., Burlington. Am. Milk Rev., 14, 11: 
18, 20, 22, 23. Nov., 1952. 

A study was made of the factors which affect 
the feathering of cream, and it was concluded 
that a combination of factors contributed to 
this defect. Titratable acidity showed little 
effect on feathering. The season of the year 
had no effect when cream was properly handled 
and homogenized at not more than 600 p.s.i. 
Homogenization pressures below 1,000 p.s.i. 
produced no feathering. D. J. Hankinson 


PHYSIOLOGY AND ENDOCRINOLOGY 
R. P. REECE, SECTION EDITOR 


262. Depression of ruminal digestion in adult 
sheep by aureomycin. A. W. TurNeER and V. 
Hopcerrs, Animal Health Research 
Lab., Parkvill, Vie. Australian J. Agr. Re- 
search, 3: 453-459. 1952. 

Consumption by adult sheep of aureomycin 
hydrochloride (single doses) equivalent to 23.6- 
27.1 mg. per kg. body weight resulted in a 
75% reduction in rumen flora within 2 hr. 
This reduced level persisted for at least 2 days, 
and the surviving bacteria were predominantly 
Gram-positive rods and cocci. Other effects 
included marked depression in rumen fermen- 
tation, reduction of organie acid production, 
depressed appetite, and weight loss. The ani- 
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mals responded favorably to administration of 
rumen fluid and yeast extract. 


Jacobson 


SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 


263. A quality milk program needs industry 
participation. H. J. Barnum, Dept. of Health 
and Hospitals, Denver. Milk Dealer, 42, 3: 
47, 82-86. Dee., 1952. 

To obtain and maintain a high quality milk 
product, we must have: (1) uniform laws, ordi- 
nances, and regulations; (2) uniform interpre- 
tation of these laws by the control agencies and 
industry; (3) employment of trained and com- 
petent sanitarians with salaries compensatory 
with their responsibility and ability; (4) em- 
ployment of adequate numbers of competent 
industry fieldmen; (5) understanding of the 
basie principles of good milk sanitation by all 
concerned; (6) employment of adequate labora- 
tory control within the industry, as well as 
within the control ageney; and (7) periodic 
surveys and inventories to determine what prog- 
ress is being made. An industry which polices 
itself can do it better and cheaper than a gov- 
ernment agency. By working together, the 
health department and the milk industry can 
eliminate confusion, duplication of service, and 
high cost of government inspection and can 
provide the community with a high quality milk 
supply. Details of how Denver has done this 
are given. C. J. Babeock 


264. The cleaning of milking machine rub- 
berware. W. G. WuitTt.LesTone, Ruakura Ani- 
mal Research Sta., New Zealand. J. Soe. Dairy 
Technol., 5: 177-179. Apr., 1952. 

Rinsing milking machine rubber parts with 
water, then with boiling 0.05%-caustie soda 
followed by boiling water, did not prevent the 
accumulation of fat in the rubber. After trying 
a variety of detergent and alkaline materials, 
the author concluded that the fat absorbed by 
the rubber can be removed only by saponifica- 
tion, and this required impracticable tempera- 
tures, times, and concentrations of chemicals. 
For cleaning milking machine parts, the author 
recommends a mixture containing 50% soda 
‘ash, 25% sodium metasilicate, 10% sodium 
hexa-meta-phosphate, and 15% organic wetting 
agents. For use, the mixture is dissolved in 
water at a rate of 0.15%. In comparison with 
the standard caustic treatment deseribed above, 
results with this formula showed better clean- 
ing of metal and rubber surfaces. It was just 
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as effective in keeping fat from accumulating 
in the rubber and was better than the caustic 
in removing surface contaminations from the 
rubber inflations. Kk. W. Foster 


265. Quaternary ammonium compounds with 
bactericidal properties. H. Srurm, E. Koner- 
MANN, R. AgscHBACHER, and R. GRADMANN. 
Friedrich Steinfels, Zurich, Switzerland. Ind. 
Eng. Chem., 45, 1: 186-188. Jan., 1953. 

A series of quaternary ammonium salts were 
prepared by treatment of triethanolamine ethers 
with suitable substances. These quaternary salts 
dissolved readily in water and showed excellent 
foaming qualities and a blue fluorescence under 
ultraviolet. They were of low toxicity, but 
good bactericidal properties. B. H. Webb 


266. Milking machine cleaner of the cleaning 
liquid circulating type. C. J. Bucnincer. U.S. 
Patent 2,624,355. 13 claims. Jan. 6, 1953. 
Official Gaz. U. S. Pat. Office, 666, 1: 145. 
1953. 

A milking machine reservoir and milking 
machine parts are “cleaned in place” by this 
device, which cireulates a cleaning solution from 
the reservoir through the tubes and teat cups 
back into the reservoir. R. Whitaker 


267. Container washing apparatus. H. D. 
LaruHrop (assignor to The Lathrop-Paulson 
Co.). U. S. Patent 2,621,667. 3 claims. Dee. 
16, 1952. Official Gaz. U. S. Pat. Office, 665, 
3: 804. 1952. 

An apparatus for cleaning the exterior sur- 
faces of milk cans by means of a detergent 
spray directed against the can when held in a 
slanting position. R. Whitaker 


268. Sediment tester head. W. D. Lucas, W. 
Exert, and J. S. Kessuer (assignors to Lillian 
King). U. 8. Patent 2,622,435. 9 claims. Dee. 
23, 1952. Official Gaz. U. S. Pat. Office, 665, 
4: 1101. 1952. 

Details are given for the construction of an 
off-the-bottom-of-the-can plunger type of sedi- 
ment tester. The spring-loaded inlet vaive on 
the bottom, normally in the closed position, is 
opened in response to the outside fluid pressure. 

R. Whitaker 


269. Sanitary teat cup protector. A. J. Lura. 
U. S. Patent 2,622,559. 2 claims. Dee. 23, 
1952. Official Gaz. U. S. Pat. Office, 665, 4: 
1138. 1952. 

An outer shell or protecting cover for a teat 
cup of the inflation type for improving the 
sanitation of the milking process. 

R. Whitaker 
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@ srasuiry 
Mixevan is a powder. It cannot 
evaporate and change flavor ratios. It gives 
you a controlled flavor ... gives your 
products consistent taste appeal. 


@ srenpasiniry 

Sugar captures the soul of the 

fine vanilla flavoring in Mixevan, and 
makes it blend normally with the 

other mix ingredients. 


© rravor 
The scientific blending of superior vanilla 


Mixevan. We will be 
beans with fortifying Vanillin creates glad to aaa with yeu in any 
Mixevan's unique flavor . . . delicious, 


delicate . . . a subtle but steady taste which 
no extract can ever achieve. 


Michael's | 


TRUE VANILLA SUGAR for custom 
made ice cream 
TWIXT for pop d 


DAVID MICHAEL & CO., tecorporeta Mi Ve \ 


Half a Century in the Flavoring Field The Powdered Vanilla with the Locked-In Flavor 
3743-63 D STREET* PHILADELPHIA 24, PA, 


For further information and prices see our representative or write direct 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Reg. U. S. 


Complete Stabilizers 
and Emulsifiers 
B O D Y- S U A R D®_ +0, the finest 


grade of ice cream, high active in- 
gredient content—S83¢/Ib. 


PRIDEX —for ice creams with pleas- 
ing mellow’ consisteney—economi- 


eally priced—57¢/Ib. 


Straight Stabilizers 


H Y-G U R D®_ tor ice creams, milk 


sherbets, ices and stick confections— 
excellent stabilization—57¢/ lb. 


® 

PRIDE —for deliciously smooth tex- 
tured ice cream, with maximum sta- 
bilization at low cost—53¢/Ib. 


Straight Emulsifiers 


EMEX® _ increasing whipping 
ability of ice cream and controlling 
overrun when used with good sta- 
bilizers—-44¢/Ib. 


Ask your Dairy Supply Jobber or us 
for testing samples and bulletins. 


®—Registered U.S. Patent Office 


WRITE FOR 


WRITE FOR literature de- 
scribing G.B.I. lce Cream 
Stabilizers and Emulsifiers 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK * CHAGRIN FALLS, OHIO 


“HANSEN'S" 
DAIRY PREPARATIONS 
For High Quality Dairy Products 


_ CHEESE RENNET AND COLOR 
COTTAGE CHEESE COAGULATOR 
ANNATTO BUTTER COLOR 
DANDELION BUTTER COLOR 
CERTIFIED BUTTER COLOR 
STARTER DISTILLATE 
ICE CREAM COLOR 
LACTIC FERMENT CULTURE 


CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN 


Cannot be Duplicated for 
Quality and Dependability 
UNIFORMITY 
IS IMPORTANT! 

Leading agricultural 
schools and_ colleges 
agree that the regular 
weekly use of FLAV- 
O-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 
milk products. 


‘YOGHURT CULTURE| 
FLAV-O-LAC FLAKES 


produce a quart of the finest 
Single 


(shown) 
starter on a single propagation. 
bottles $2.00. 

SPECIAL FLAV-O-LAC FLAKES ‘‘40”’ 
produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.75. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 


THE 


DAIRY LABORATORIES 


| _ASSOCIATES ¢ 
23rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 


New York Baltimore 


Washington 
See our catalog in Dairy Industries Catalog 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Copies of the 


20-YEAR INDEX 


covering Volumes I to XX, inclu- 


sive are available at the following 


prices: 
* 
MEMBERS NON-MEMBERS 
re $2.35 Cloth Bound ......... $5.50 


Bulk Milk 


Whether it’s bucket milking or pipeline 
milking, a Mojonnier Bulk Cooler in the 
milkhouse spells less labor, rapid cooling 
and high quality milk. Mojonnier Bulk 
Coolers are the last word in quality 
construction. For example, outside 
shells are stainless steel for easy 
deaning, long life and good appear- 
ance. Made in ten sizes beginning with 
60 gallons. Bulletin 240 “The Bulk 
Cooling Story” sent free on request. 


% 


300 Gallon Mojonnier Bulk Cooler on Norman 
Stevenson Farm, lowa City, lowa 


Mojonnier Bros. Co., Chicago 44, Ill. 


 MOJONNIER BULK MILK SYSTEM” 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Copies of the 


20- YEAR INDEX 


covering Volumes I to XX, inclu- 
sive are available at the following 


prices: 


MEMBERS 


Paper Bound..... 


NON-MEMBERS 


Cleth Bound ......... $3.50 


Paper Bound......... 5.00 


Your advertisement is being read in every State and in 45 Foreign Countries 


with 


ACID-KLENZ 


AND THE 


Chem-O-Shot FEEDER 


Acid-Klenz is an organic acid de- 
tergent that is highly effective for the - 
removal of milkstone and the retard- 
ing of bacterial growth on all milking 
and milk producing equipment. 


Dairy farms and plants as well as 
cream stations find it equally effec- 
tive for stabilizing hard water, 
emulsifying milk fats and suspending 
milk solids quickly and effectively. 


Chem-o-Shot proportioning equipment 
gives accurate control to prede- 
termined pH level for guaranteed 
results. 

Write for special literature describing 
fully the Klenzade method of main- 
taining Sparkling Clean Milk Cans. 


LENZADE 


KLENZADE PRODUCTS 


INCORPORATED 


BELOIT, WISCONSIN 


CHEMICAL CLEANING SPECIALISTS SERVING 
THE DAIRY INDUSTRY WITH CONVENIENTLY 
LOCATED BRANCH OFFICES, WAREHOUSES 
AND DISTRIBUTORS IN PRINCIPAL CITIES - 
THROUGHOUT THE NATION 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have pets in print or that are ss eens for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.—Manuscripts should be submitted in double ante on one side of suitable 
8%" x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless pre- 
vious permission from the editor is obtained. When non-review articles exceed 12 pages, a 
charge of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, P. H. Tracy, Food Technology Department, University of Illinois, Urbana, Illinois. In 
order to speed publication, one author should be designated to assume the responsibility of 
checking the galley proof on all papers of multiple authorship. All galley proofs should be 
returned in the minimum possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracing 
cloth rao white board) not larger than standard letter size (84%4" x11”). All lettering should 
be inked in block style and be of such size that the lettering will be not less than % in. in 
height when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes 
and axis units is not acceptable. Original drawings should be submitted, rather than photo- 
graphs of such drawings. When suitable drawings are not furnished, the author will be charged 
for the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet separate from 
os illustrative material and should be made as concise as possible while retaining their descrip- 

ve character. 

Tabular Material.—Tabular material should be clear, concise and accurate. Often data 
ean be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet de- 
scriptive in character. Data may be presented either in tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of omtieie, 
name of journal, volume number, first and last page numbers, and year of pub 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 45, no. 24, part 2, 1951. 

Sample of journal citation: (1) Se anp Surru, J. D. Effect of Feed on Body 
of Butter. J. Damy Sot., 24: 550-560. 

Sample of book citation: The Specifoity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station gy the citation should be as follows: (1) Coutm, 8. 
T., ap Jmenwess, BR. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. 
167. 1945. 

meter(s); g., gram(s) ; mg milligram(s); y, microgram(s); ml., milliliter(s); my, millimi- 
eron(s) ; C., Centigrade; F., Fahrenheit; Ib., pound(s); oz., ounce(s). 

Where Pores stenstuses of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In preparing manuscripts, use of first person should be avoided. 
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Culture Media for Examination of 
MILK and DAIRY PRODUCTS 


for Plate Counts 


Bacto-TryproneE Guiucosg Exrracr AGar is recommended for routine 
plate counts of bacteria in milk. This medium conforms to all 
requirements of ‘‘Standard Methods for the Examination of 
Dairy Products’’ of the American Public Health Association, 
except that it does not contain skim milk. 


Bacto-Prornosk TRYPTONE is recommended for determinations 
of the total bacterial plate count of certified milk. This medium 
is prepared according to the specifications of ‘‘Methods and 
Standards for Certified Milk’’ of the American Association of 
Medical Milk Commissions. 


for Detection of Coliform Bacteria 


Bacro-Viotet Rep Bitz Agar is widely used for direct plate counts of 
coliform bacteria. Upon plates of this medium accurate counts 
of these organisms are readily obtained. 


Bacro-BritLiaAnt GREEN Bite 2% and 


Bacro-Formate Brors are very useful liquid media for 
detection of coliform bacteria in milk. Use of these media is 
approved in ‘‘Standard Methods.”’ 


for Detection of Molds 


Bacro-Porato DexrTrose AGar is an excellent medium for detection 
and enumeration of molds and yeasts in butter and other dairy 
products. The formula of this medium corresponds exactly with 
that specified in ‘‘Standard Methods.’’ 


Bacto-Ma.r Agar is also widely used for determinations of the mold 
and yeast count of dairy products and for control of the sanitary 
conditions of manufacture. 


for Cultivation of Lactobacilli 


Bacro-Tomato Juice and 
Bacto-Trypsin Digest AGak support luxuriant and characteristic 
growth of Lactobacillus acidophilus, and are well adapted for use 
in establishing the number of viable organisms in acidophilus 
products. These media are also widely used for estimation of 
the degree of implantation by L. acidophilus. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
Im the Eesearch and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 


